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FOREWORD

This report discusses work conducted by the Department of Civil

Engineering, U.S. Air Force Academy, Colorado, under Project Order

DTC-9-32 issued by Detachment 1, ADTC/PRF at Tyndall AFB, FL 32403.

Although funding stopped on 30 September 1979, project work continued

until January 1980.

All project investigators helped author this report. The Project

Director was Colonel Wallace E. Fluhr, Professor and Head of the

Department of Civil Engineering.

The authors are indebted to many people. Particular thanks go to

personnel of the 7625th Civil Engineering Squadron who accomplished the

major work of changing collector systems on the ground array in September

of 1978 and 1979. Mr. Jack Whelton and Sgt Bobby Sanders also helped to

insure that these modifications were accomplished correctly and on schedule.

We are also grateful to Captain Dennis R. Topper and Captain Ralph C.

Rhye for valuable assistance in the preparation of this manuscript. Last,

but by no means least, we wish to sincerely thank Mrs. Carmen Villines and

Mrs. Penny Grayson for their dedicated efforts in typing the report.

Mrs. Grayson's editorial assistance was particularly noteworthy; she is

a true professional in every sense of the word.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

This report is the fourth and final in a series of interim reports

which describe the performance of the USAFA Solar Test House. This

report covers work done from May 1978 to January 1980. The data which

summarizes the home's performance terminates in April 1979. The cessa-

tion of data gathering was made necessary by the removal of the research

instrumentation and control system and installation/testing of the mini-

microprocessor controller (reference Chapter 5).

This report increases the knowledge base established by the first

three interim reports (1, 2, 3). Emphasis in this report is given to

evaluation of evacuated tube collectors and measures taken to convert the

home from a research laboratory to a normally occupied military family

housing unit.

1.2 Objectives

The objectives of the research during this period were:

a. Install and monitor the performance of evacuated tube

collectors on the ground array.

b. Determine the environment which would exist in the home if

it was solely dependent on the solar system for energy.

c. Continue to monitor the system's performance with regard to

previously implemented operational changes and maintenance considerations.

d. Install and test a locally designed and fabricated mini-

microprocessor system controller.
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e. Prepare the home for termination of the research project and

return to normal occupancy.

1.3 Contents of the Report

Data is presetted and analyzed from May 1978 to April 1979. This

analysis includes discussion of the system's performance compared to

prior year results. Separate chapters are devoted to analyzing the

performance of evacuated tube collectors and the home's reaction to sole

dependency on solar energy during a selected winter period.

Considerable attention is given to actions that were taken to prepare

the system for return to normal occupancy. An accounting of the efforts

which were made to insure the solar system was as maintenance free and

dependable as possible is presented.

A chapter concerning the perceived need for development of an opera-

tions and maintenance manual and a "homeowner's" manual is included.

Complete copies of these manuals are included as appendices to this report.

Finally, brief conclusions reached during this period of operational

research are listed for easy reference.

Scientific International (S.I.) units are primarily used but are

generally followed by parenthetic English equivalents. Some data is

presented in mixed or pure English units if it is thought clarity will

be gained.
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CHAPTER 2

FINAL YEAR DATA ANALYSIS AND RESULTS

2.1 Introduction

This chapter presents and discusses the performance data from May

1978 to April 1979. The tabularized data for this period constitutes

Appendix A of this report. Collector performance is covered but detailed

comparison of the evacuated tube collectors to the flat plate system is

reserved for Chapter 3. Comparison of the total system's performance to

previous years can be found in this project's summary report (4). Since

the home was unoccupied, a section is devoted to comparing the energy

demand of the structure in this status to when it was occupied. Also

included are results of an investigation on the safety of urea formalde-

hyde (UF) foam insulation.

2.2 Collector Performance

As forecasted by the last interim report (3), evacuated tube collec-

tors were installed on the ground array in September 1978. Twelve General

Electric TC-100 collectors with a total area of 17.8m2 (192 ft2) were

installed. The total area of the previously installed flat plate collec-

tors was 25.4m 2 (273 SF). The evacuated tube collectors began operation

in October 1978 and remained installed until September 1979. The roof

array configuration continued to be 25.4 m2 (273 ft2) of flat plate collec-

tors. Both arrays were inclined at a 520 angle from horizontal.

The total amount of solar energy available to the collectors for the

record period is shown on Figure 2-1. Figure 2-2 shows the instantaneoub

efficiency achieved by both collector arrays. You will note that the

k-, ground array consistently out-performed the roof array during the time

2-1
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that both arrays possessed flat plate collectors. This coincides with

past years' results. This situation changed dramatically when the ground

array received the evacuated tube collectors. The flat plate roof array

achieved better performance than the evacuated tube collectors for this

application and location. Detailed discussion of this result is in

Chapter 3.

The increased collection efficiency for both arrays in February

1979 needs further explanation. During the last 18 days of this month an

experiment which we called the Loss of Energy Situation Simulation (LESS)

was conducted. The auxiliary energy was shut off and the home was solely

dependent on the solar system for heat. In effect, the interior tempera-

ture of the home was allowed to "float". This experiment resulted in the

drawdown of the storage tank temperatures, and in turn, of the collector

fluid temperatures. Since the collectors could run cooler, their effi-

ciency improved as shown. It is theorized that the flat plate roof array's

efficiency improved more than the evacuated tube collectors due to the

tubes' greater resistance to thermal loss and insensitivity to working

fluid temperature changes. The LESS experiment is discussed in detail

in Chapter 4.

The overall efficiency of the flat plate system from May-August 1978

was 33.1 percent - with 23.264 GJ (22.1 x 106 Btu) collected from 70.286

6
GJ (66.7 x 10 Btu) available. The efficiency of the evacuated tube

collectors (October 78-March 79) was 25 percent with 13.6 GJ (12.5 x 106

Btu) collected from 52.688 GJ (50 x 106 Btu) available. The flat plate

roof array efficiency during the same period was 38.3 percent with 23.938

GJ (22.7 x 106 Btu) collected out of 62.494 GJ (59.3 x 106 Btu) available.
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The overall efficiency of the combined collector systems during

October 1978 to March 1979 was 32.2 percent. The flat plate collectors

on the roof array contributed 64.5 percent of the total collected energy;

they represented 58 percent of the installed collector area. The flat

plate collectors were operated at a working fluid flow rate of .015 m3/min

(4 GPM). This represents a rate of .0006 m3/min per square meter of area

(.015 GPM!ft2); the researchers believe this rate to be optimum for this

installation (3). The evacuated tube collectors were operated at .009 m3/min

(2.4 GPM). This is a rate of 5 xl0 "4 m3/minper square meter of collector

area (.013 GPM/ft2 ) which is within the manufacturer's recommendations.

It is believed that the previously mentioned LESS experiment did not

greatly affect the overall efficiency results discussed above.

2.3 System Performance

The solar system continued to perform well during the last winter of

the research work. Figure 2-3 shows the monthly degree days and the

corresponding energy demand of the home. The demand and degree day plots

correspond extremely well. Prior years' data, although generally corre-

ponding, never exhibited this high degree of correlation. Typically,

January was the coldest month and produced the highest energy demand.

Figure 2-4 displays the total energy demand and the fraction con-

tributed by the solar energy system. When viewed with Figure 2-1 it

shows that the solar system contributed a sizable amount of energy to

the home even when solar availability is at a minimum. The lowest solar

fraction was reached in December when the solar system provided only

27 percent of the total demand. The reader is once again reminded of

the LESS experiment (see Chapter 4) conducted in February. This experi-

ment resulted in an artificially high solar fraction for this month.
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The monthly solar fractions are shown in Figure 2-5. The unusually

low solar contributions in May and June of 1978 were due to unseasonable

spring snowstorms combined with operational problems of the system. They

were nonetheless low-demand months and consequently did not greatly affect

the annual performance. The exact figures on the monthly performance are

given in Table 2-1. The total annual solar contribution of 55.4 percent

is less than the 61.8 percent reported for the corresponding period in

the last interim report (3). This decrease in performance is attributable

to three factors:

a. This year's weather was more severe. The home's energy

demand increased by nearly 4 percent when compared to May 1977 through

April 1978.

b. The system's collector area was reduced from 50.8m2 (546

ft2) to 43.2 m2 (465 ft2) as of October 1978. This 15 percent reduction

was due to the installation of the evacuated tube collectors on the

ground array. Collector area is the primary parameter which influences

the solar fraction.

c. The evacuated tube collectors also operated at lower

efficiencies than the flat plates (ref Section 2.3 and Chapter 3).

As a result of the latter two items, the total amount of solar

energy provided to the home was 6 percent less in 78-79 than in 77-78

(30.57 GJ vs 32.676 GJ). It must be pointed out, however, that the

available solar insolation also decreased approximately 8 percent during

the high-load months of October through April. (64 MJ/m2-day in 78-79

vs 69.6 MJ/m 2-day in 77-78). The LESS experiment in February affected

these cumulative results somewhat but not greatly.
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Q) Table 2-1

House Energy Demand and Solar Fraction

Month Demand Solar % Solar

(GJ) (GJ)

May 1978 3.38 1.59 47

June 1978 .63 .35 56

July 1978 
--

August 1978 .45 .45 100

September 1978 1.23 1.23 100

October 1978 3.55 3.34 94

November 1978 6.91 4.08 59

December 1978 9.39 2.55 27

January 1979 10.77 3.11 29

*February 1979 7.51 6.19 82*

March 1979 7.49 4.75 63

**April 1979 3.83 2.93 76

Annual 55.14 30.57 55.4%

* LESS Experiment

** Partial Data
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The overall thermal performance of the solar system during the

heating season is presented in Table 2-2. This performance compares

relatively well to the previous winter, though it is lower in all

categories. The reasons for this performance decrease have been pre-

viously discussed. The reader is referred to this project's summary

report (4) for a comparison of all years of operation.

Table 2-2

Solar System Thermal Performance, Oct 78 - Mar 79
(Partial Data from Apr 79 not Included)

Thermal Parameter %

Solar Energy Collected & Stored
U Solar Energy Available to Collectors

Solar Energy Provided to House 65
Solar Energy Stored

Sol'r Energy Provided to Ioue
Total House Energy Demand

Solar Energy Provided tc House
Solar Energy Available to Collectors

2.4 Influence of Occupancy on Energy Consumption

The last interim technical report (3) proposed that the energy

demand to degree day ratio increased when the home became unoccupied

in January 1978. Since that report only analyzed three months of data,

it was decided to investigate this apparent result more closely during

the final reporting period.

It has already seen pointed out in Figi re 2-3 that the energy

demand of the home ciosely paralleled the degree days. It is proposed

that a vacant home, w.'hich does not have a significant amount of internal
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thermal mass, responds more quickly and closely to environmental condi-

tions. In addition, the internal heat gains associated with occupancy

(appliances, people, lights, etc.), which were never measured in this

project, would tend to inhibit the close correlation which this figure

displays. Since the home is extremely well insulated, however, daily

"degree day and demand" plots do not track nearly as well as the monthly

summaries.

Table 2-3 compares the energy demand of the home versus the degree

days for high consumption months before and after the home was vacated.

(This table is presented in English units since it is believed that this

ratio is widely used by Air Force engineers.) These data indicate that

the energy demand of the unoccupied home was approximately 14 percent

greater than when it was occupied. It may also be noteworthyto mention

that all window blinds remained closed during the time the home was

unoccupiod. This prevented solar energy gains in the winter which would

have tended to reduce the measured energy consumption of the structure.

The conclusion that an empty dwelling requires more energy from

typical heating sources than do occupied buildings may be more important

than is immediateiy ippirent. Solar performance is often reported in

terms of the solar fraction and this is directly dependent on the total

energy demand of the structure. Consequently, the solar performance

reported by research projects ii which the structure is unoccupied may

be conservative. In surm,, ry, the energy input to an occupied residential

structure for nonheating purposes (e.g., cooking gas, ncrmal electricity

consumption) seems to hzv a significant bearing on the traditional space

heating energy demands.
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Table 2-3

(Effects of Occupancy on Energy Demand

HOUSE OCCUPIED HOUSE UNOCCUPIED

TIME DD(OF) DEMAND (106 BTU) TIME DD(°F) DEMAND (106BTU)

Feb 77 723 7.34 Feb 78 1002 8.90

Mar 77 986 6.53 Mar 78 801 7.78

Apr 77 603 2.87 Apr 78 582 6.51

Oct 77 546 3.60 Oct 78 528 3.37

Nov 77 846 6.53 Nov 78 869 6.55

Dec 77 950 7.24 Dec 78 1266 8.91

Total 4654 34.11 Total 5048 42.02

Demand 7 BTU Demand BTU- 7330- - 8320-
DD DD DD DD

2.5 Investigations on UF Foam Insulation

As reported in earlier work (2) the USAFA solar home received urea

formaldehyde (UF) foam in the walls in February 1977. USAF directives

prohibited the use of this type of insulation, but due to the closely

controlled environment which existed in this research project a waiver

to this policy was approved. The prohibition on using UF foam at that

time centered on concerns regarding the effect of the high volume of

water used to inject the foam. These fears proved to be unfounded. One

section of a wall interior was inspected eight months after injection of

the foam and no deterioration of the studding, wallboard or the original

rock wool insulation was observed. In addition, no shrinkage or cracking

of the foam was apparent. The dry climate which exists at this installa-

tion could have helped to achieve these positive results.
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Since the UF oam was installed, the U.S. Consumer Product Safety

Commission and others have reported that it can release formaldehyde

gas into living areas. This gas is toxic and can cause respiratory

problems, headaches and other health problems in humans. To investigate

this potential problem, the Frank J. Seiler Research Laboratory was

requested to determine if formaldehyde vapors could be detected in the

home. On 18 January 1980 an air sampling device (approved by OSHA) was

placed in the home. At least 336 liters of air were drawn through the

sampler and the adsorbent material was subsequently checked for the

presence of formaldehyde. The equipment used was capable of detecting

the presence ofvapor in the parts per million range; none was found. The

use of UF foam insulation is believed to have been safe, to date, in this

project. It is certainly an extremely effective insulative iterial but

extreme caution must be exercised in any future installations due to the

potential health problems.
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CHAPTER 3

EVACUATED TUBE COLLECTOR PERFORMANCE

3.1 Introduction

As -stated in the third interim technical report (3), evacuated tube

collectors built by Geni.ral Electric (GE Model TCI00) were installed on

the ground array (Figure 3-1). Operation began and data gathering started

in October 1978. This collector system research centered on operational

problems associated with these advanced collectors and their interface

with the existing retrofit solar system.

The researchers realized from the outset that evacuated tube collec-

tors are mainly designed to supply very high temperature hot water to

absorption chillers or for industrial purposes. Evacuated tube collector

efficiency curves tend to be very flat. A lower temperature application

therefore does not take advantage of this characteristic. Consequently,

their use in a direct space heating system could force them to efficiencies

which would be lower than flat plate collectors in the water temperature

range used at the Solar Test House (STH) (see Figure 3-2). Also, flow

rate control at the very low flow rates used by the TC-100 collectors

is difficult. These factors, no doubt, hampered the performance of the

evacuated tubes and the analysis of the data they produced.

3.2 Performance Data

Table 3-1 shows the results obtained from the experiment period and

compares them against the Revere flat plate collectors as well as the

previous year's data. This data reveals that the TC-100 collector, did

perform at a lower efficiency than the flat plate collectors installed on

the roof. For the six-month period given in the table, the evacuated tube

3-1
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collectors' average instantaneous efficiency was only 25 percent. This

is especially significant when compared to the roof array performance

which shows an efficiency of 38 percent. Both the roof and ground arrays

were positioned at 520 inclination during the entire test. The lower

portion of Table 3-1 shows the data from the same months of the previous

year for comparison. The ground array was more efficient than the roof

array during the 77-78 heating year. This observation leads to the

conclusion that the lower ground array efficiency in 78-79 was due to

the evacuated tubef' lower efficiency and not just a result of some

inherent system difference between the roof and ground array.

Also significant is the rise in efficiency of the roof array from

77-78 to 78-79. As can be expected, this system has always shown a

direct correlation between collection efficiency and the inbound water

temperature. Due to the decrease in the energy supplied by the ground

array to the storage tank, the tank's temperature was lower in 78-79.

This in turn led to lower temperature water being sent to the collectors

and decreased the energy losses from the collectors. It is felt that this

argument could explain the rise in efficiency of the roof array between

years.

3.3 Observations

Other observdtions regarding the TC-100 collector operation follow.

Since the thermal mass of the evacuated tubes is much lower than the

flat plate collectors, their thermal response is much more rapid. As a

result, the TC-100 collectors would generally try to start up earlier

than the flat plate collectors. However, the arrival of cold water from

the underground supply pipe would cool them down rapidly and the system

3-4



Table 3-1

Evacuated Tube and Flat Plate
Performance Comparison

1978-1979 Heating Season

Ground Array Roof Array
(TC-100 Evacuated Tubes) (Revere Flat Plates)

Available Collected Available Collected
(MJ) (MJ) (MJ) (MJ)

Oct 78 9491 2517 27 11490 4801 42

Nov 78 8197 2470 30 8635 3611 42

Dec 78 7508 1636 22 9089 2579 28

Jan 79 9946 1834 18 12040 3518 29

Feb 79 9438 2570 27 11425 5268 46

Mar 79 7070 1864 26 8559 3598 42

51650 12891 25 61238 23375 38

Overall (32%)

1977-1978 Heating Season

Ground Array Roof Array
(Flat Plates) (Flat Plates)

Oct 77 6180 1765 29 6180 1580 260

Nov 77 11240 2854 25 11240 1855 17

De. 77 8733 2450 28 8733 2324 27

Jan 78 9544 3204 34 8788 2730 310

Feb 73 9388 4230 45 9388 3417 36

Mar 78 10575 5344 51 10575 4671 44

55660 19847 36 54904 16577 30

Overall (33%)

Partial Data - Pyranometer out until 12 Oct 77

G RA sensors out two days

3-5



would shut down. About three cycles would be required before the evacuated

tubes would stay hot enough to collect useful energy. Similarly, in the

afternoon, the evacuated tube collectors would shut down first due to a

lack of thermal mass from which to remove energy that had been stored

during the day. This latter observation is contrary to commonly held

beliefs (5).

This collector system requires great care in installation of the

plumbing system. The original plumbing was installed using standard

solder. The first time the collectors shut down during a sunny day, the

pressures in the collectors rose so rapidly that many of the small tees

and elbows failed. This occurred despite the presence of a pressure

relief valve on the array. The repair work was accomplished using silver

solder. Under subsequent stagnation conditions other solder connections

failed but those previously repaired with silver solder remained intact.

With respect to the evacuated tubes themselves, the problem of breakage

existed when they overheated during stagnation conditions. Breaks for

unknown reasons were also encountered during normal operation. It is

theorized that material defects was the primary reason for these failures.

After a shutdown for system repairs, cold water was purposely sent to the

hot ground array and one tube broke because of the thermal shock caused

by rapid cooling of the hot tubes. Almost all the tubes which broke due

to thermal causes were the last tube in the sinnuous path out of a collec-

tor. This can perhaps be explained by the fact that these uppermost tubes

saw the highest temperature water after it had passed through all the other

tubes in a specific collector.

The evacuated tubes were installed with a reverse return plumbing

system. The resultant flow balance was very good as evidenced by the
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three parallel clusters performing very close to each other. The installed

sensor system allowed measurement of each cluster's performance directly;

this permitted the Lexan® cover removal experiment to be conducted.

3.4 Lexan1D Cover Removal Experiment

The TC-100 collectors can be installed with covers for hail, snow,

and vandalism protection. At the time of purchase either acrylic or

Lexan® covers were available. Lexancovers were purchased and used

for this application. During the first months of operation, all 12

collectors had these covers in place. On the evening of 6 March 1979,

the second cluster's covers were removed. The data of 22 February to

25 March is shown on Figure 3-3 and in Table 3-2. The collectors labeled

GA No. 2 were those which had their Lexan@D covers removed. As can be

seen clearly on Figure 3-3 that cluster's efficiency immediately increased

from the worst to become the most efficient. This jump of 5 percent over

the next most efficient group was a relative increase of 10 to 15 percent

as predicted by General Electric in their specifications.

The evacuated tubes do not radiate large amounts of heat to melt off

accumulated snow. If uncovered, the tubes and reflectors will also hold

the snow and slow the removal process. It should be pointed out that the

tubes were installed on an east-west orientation; this orientation tends

to inhibit the snow removal process. The effect of snow becoming trapped

within the collector vee-reflectors is illustrated in Table 3-2 and Figure 3-3

by the data from Julian dates 80 to 85. These data were collected during a

severe snowstorm and show the only occurrence of lower efficiency by the

second cluster during the period that its covers were removed. On Julian

dates 82 and 83, the second cluster was slightly less efficient than its
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0 Table 3-2

Lexan@ Cover Removal Data

Julian Date (1979) GA No'. 1 GA No. 2 GA No. 3 Total

53 - 22 Feb 79 36.7 34.8 34.9 29.5
54 30.3 28.0 28.1 24.3
55 23.6 21.1 21.9 18.6
56 34.9 32.1 33.2 31.2
57 24.5 21.7 22.6 21.1
58 -- -- -- --

59 41.8 38.0 39.7 37.7
60 36.0 32.3 33.0 31.1
61 14.3 12.2 13.0 9.6
62 36.8 34.6 35.9 30.7
63 37.4 35.6 36.0 31.3
64 36.5 34.7 35.5 31.8
65 - 6 Mar 79 34.2 32.1 32.3 28.4
66 38.1 41.4* 36.0 34.5
67 24.7 27.2 23.8 21.6
68 3.2 2.6 4.4 5.0
69 35.6 38.8 33.7 32.5
70 36.6 40.6 35.1 33.9
71 -- -- -- --

72 21.3 24.2 21.9 18.1
73 -- -- -- --
74 36.6 40.5 34.9 32.5
75 31.4 34.2 29.5 27.8
76 30.3 33.0 28.5 26.2
77 22.9 24.5 22.4 18.9
78 27.9 30.7 27.0 25.0
79 0.0 0.0 0.0 0.0
80 0.0 1.4 3.8 0.5
81 0.0 0.0 0.0 0.0
82 6.9 10.1 14.4 9.7
83 29.5 39.3 39.7 34.3
84 - 25 Mar 79 41.5 46.9 40.1 39.9

* Lexanocovers removed on the evening of 6 March 1979
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neighbors because of the snow trapped within the reflectors. When the snow

melted, the second cluster went back up to the highest efficiency position.

One collector cover was left off for an extended period in an effort

to determine the resistance of the glass tubes to hail damage. A short

duration storm did occur in late spring of 1979; the hailstones approached

1/2 to 3/4 inches in size. No breakage of glass occurred. This observa-

tion tends to support the specifications provided by the manufacturer

regarding hail resistance.

One more comparison of the effect of the Lexan®V covers on perform-

ance was made by comparing results before and after the cover removal.

Table 3-3 shows the results of data analysis on both sides of 6 March

1979. This analysis takes into consideration the overall effect of the

second collector cluster's (GA No. 2) increase in efficiency from the

first period to the second with respect to environmental effects. The

roof array efficiency dropped by almost 28 percent while the ground array

went down only 8 percent. This change can perhaps be partially attributed

to the smaller effect of outside air temperature on performance of evacu-

ated tube collectors. However, the increase in efficiency of the cover-

less second cluster definitely contributed to the bettec performance of

the ground array when compared to the roof array over this time period.

If all collectors were uncovered on the ground array, it could even have

led to an actual increase in overall ground array performance.

In conclusion, the added expense of the Lexan(D covers (approximately

$900 .f the total evacuated tube collector cost of $5000) would not appear

warranted in most areas. In those areas where severe storm damage or

vandalism is of serious concern it would seem appropriate to use a much

lower cost cover than the Lexan(Y. This conclusion is particularly true
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Table 3-3

Lexan@  Cover Removal Effects on Collector Efficiencies

Parameter Period of Time

22 Feb to 6 Mar 7 Mar to 25 Mar
(All covers on) (No covers on GA No.2)

Ground Array (Evacuated Tubes):

Available Energy 4128 MJ 4571 MJ

Collected Energy 1137 MJ 1160 NJ

Efficiency 27.5% 25.4%

Roof Array (Flat-Plates):

Available Energy 4998 NJ 5534 .J

Collected Energy 2469 NJ 2018 NJ

Efficiency 49.4% 36.5%

Total (Combined Arrays):

Available 9126 NJ 10105 NJ

Collected 3606 NJ 3178 NJ

Efficiency 39.5% 31.4%

Change in Efficiency Between Periods:

Ground Array: -2.1/27.5 = -7.6%

Roof Array: -12.9/49.4 = -27.8%

Total: -8.1/39.5 = -20.5%

3-11



in view of the efficiency penalties that are incurred through the use of

the Lexan@ ) covers. A north-south, i.e., vertical not horizontal, orien-

tation of the evacuated tubes would probably have minimized the concerns

expressed above regarding snow entrapment during storm periods.

4.5 Summary

The following comments summarize the performance and characteristics

of the evacuated tube collectors:

a. For this application, their efficiency was not as high as

that obtained by double-glazed, nonselective surface, flat plate collectors.

b. They generally tried to start operation earlier in the day

than the flat plates, but would cycle on and off frequently. They would

gencrally remain on at the same time that the flat plates would start

operation. (Cycling of the roof array flat plates occurred but not

frequently.) The additional energy collected by the evacuated tubes

(versus the flat plates) in this start-up mode was considered to be

insignificant.

c. The evacuated tube collectors would shut down earlier in

the afternoon. This observation is contrary to widely reported results

of their operation.

d. Very limited evidence is available to support the contention

that evacuated tubes out-perform flat plates on marginal insolation days.

In fact, several instances of the flat plates running longer than the

evacuated tubes on cloudy days occurred. This observation must be

tempered by the realization that the roof and ground array i:%stallations

were not identical. For example, the evacuated tubes on the ground array

were much further from the storage tank and were also more exposed to the
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ambient weather conditions; these and other factors could have resulted

in the evacuated tubes not performing as well as the flat plates. It

seems fair, however, to conclude that the often stated intrinsic advan-

tages of evacuated tubes during marginal days were not sufficient to

overcome other system disadvantages that may have been present. (It

must also be pointed out that the ground array was more efficient than

the roof array when both arrays consisted of flat plate collectors.)

e. It is believed that higher quality workmanship and materials

are required during the installation of an evacuated tube collector system.

f. Maintenance requirements were significantly greater for the

evacuated tube collector array than for the installed flat plates. Some

glass shrouds broke for no apparent reason and their replacement, though

not difficult, was a time-consuming task and irritant.

g. Performance was increased when the LexanVY covers were

removed. It would seem advisable not to use Lexan".Y covers in areas

not susceptible to severe hailstorms or vandalism. It would also appear

reasonable to use a cheaper cover, if available, for those installations

that require a protective cover system.

h. The cost of the GE TC-100 collectors (FOB from the factory)

was approximately $20.00 per ft2 in 1978. The cost of the Revere flat

plate collectors was approximately $8.80 per ft2 in 1975. It would seem

that no performance benefits accrued despite their higher cost.
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V) CHAPTER 4

LOSS OF ENERGY SITUATION - SIMULATION (LESS)

4.1 Introduction

With disturbing frequency, natural gas and fuel oil shortages have

occurred in various areas of our country. During these emergencies home-

owners have been requested to turn down their thermostats to save energy

and decrease fuel demands. Since the USAFA Solar Test House was so well

instrumented and since it had an operational solar energy j;ystem to supply

a portion of the thermal energy to heat the structure, the researchers

decided to operate the house as though it had been completely cut off from

natural gas. This experiment was called the Loss of Energy Situation -

Simulation (LESS) and was conducted during February 1979.

4.2 Procedure

This experiment took advantage of the energy conservation techniques

that have been applied to the structure. These are discussed in previous

technical reports and consist of urea formaldehyde foam added to the walls;

additional insulation added to the roof; added vestibules; and triple-glazed

windows. In addition, the data gathering and microprocessor control

systems allowed complete control over the use of the natural gas supply

without actually cutting it off. Thus, the microprocessor was programmed

not to use natural gas unless the house temperature reached 100C (500F).

This temperature was selected only to protect the plumbing system. The

control program was changed to use the energy in the solar storage tank

until it was no longer able to hold the house at 100C. The desared house

temperature was changed to 15.5 0C (600F) on the first day of the test to

simulate a setting that a family might use during this type of emergency.
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4.3 Results

LESS started on 10 February 1979 and stopped on 1 March 1979. These

dates were chosen so that a comparison could be made with the data from

February 1978 when the house was also unoccupied. The choice for the

starting date was also influenced by the time taken to reprogram the

microprocessor and the severity of the two preceding months' weather.

Figure 4-1 shows the environment that existed during LESS. The upper

chart shows the degree days that were recorded from Julian Date 41 (10 Feb

79) to Julian Date 60 (1 March 79). The lower graph illustrates the

variable nature of insolation over this period of time while the dotted

line shows the steady increase of the daily average. [here was a total of

332 °C-days (595 OF-days) during LESS while the daily average insolation

level was 9.7 MJ/m-hr (horizontal).

The performance data gathered during the test is plotted in Figure

4-2. The desired house temperature (TH desired) was maintained at 15.50C

(600 F) almost every day within the dead band of the sensors and the toler-

ance of the control program. Only on Julian Date 59 did the low tempera-

ture reach 10°C (50°F) and only then during the very early morning hours

for a short period. On Julian Date 48 the temperature also dipped, reach-

ing a minimum of 110C (520 F). Additionally, both of these days were also

characterizeo by low storage tank temperatures. The latter date (Day 59)

also demonstrated the effects of the steady lowering tank temperature

over the entire period.

During Day 59 the solar system could not maintain the house at the

desired temperature because the storage tank temperature itself went below

15.5 0C to 140C (60°F to 570F). As the storage temperature continued down-

ward, the pump and fani ran for long periods as is shown i. the upper graph
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in Figure 4-2. The solar energy input to the house just offset the

structure's energy loss to the environment and would not raise the house

temperature above 15.5 C (60°F) at night. However, the solar system

maintained the house at a relatively comfortable temperature the vast

majority of the time with no internal energy from occupation contributing

to the thermal energy supply.

4.4 Conclusion

In conclusion, LESS demonstrated that a typically sized, solar energy

space heating system can supply almost 100 percent of a reduced energy

demand in case of a natural gas or oil cutoff. Only on two occasions did

the indoor temperature go below the minimum setting and only then for a

short period of time. Therefore, a solar home occupant can survive

relatively comfortably during winter weather until the supply of auxiliary

energy is restored. This assumes that electrical service for parasitic

system power requirements is still available.
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CHAPTER 5

FINAL SYSTEM CONFIGURATION

5.1 Introduction

As the research project drew to a close (funding ceased on 30 Sep 79)

increased attention was given to actions which would make the installed

solar system as efficient and maintenance-free as possible prior to its

turnover for normal occupancy. Since the evacuated tube collectors had

not proven effective for this project from either a maintenance or effi-

ciency standpoint, the researchers decided to remove them and reinstall

the flat plate collectors. In contrast, the flat plate collectors

possessed proven reliability and had not required any maintenance or

repair.

Another major task requiring accomplishment was the fabrication

and installation of a simple, low cost and reliable solar controller.

This was necessary due to the planned removal of the instrumentation and

control system which had been used to support data gathering.

The following sections discuss these and other tasks which were

accomplished prior to returning the home to the control of the Base Civil

Engineer.

5.2 Ground Array Final Configuration

In September 1979 the evacuated tube collectors were removed and

the flat plates were reinstalled. The reinstallation of the flat plate

collectors implemented the following lessons learned.

Flow balancing had always been difficult, so reverse return plumbing

was considered a necessity. In addition, rather than have some of the

)arallel collector clusters consist of three collectors and some of four,
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the researchers decided to use three parallel clusters of four collectors

each. This action also helped balance head loss and therefore flow rate

through all collectors. This scheme resulted in only 12 collectors

(21.7m2-234 ft2) being installed versus the 14 (25.4m 2-273 ft2) which had

been formerly used. (The original 14-collector installation on the roof

array was not changed.) It was believed that this iaodification would not

noticeably detract from the performance of the system.

An effective air bleed system was also provided as a part of the

reinstallation.

The work was accomplished by craftsmen assigned to the civil engi-

neering squadron using design sketches and material provided by the

research team. No unusual problems were encountered and the w-rk was

completed on schedule.

Other miscellaneous plumbing work was also accomplished at this time.

Loss of energy due to thermosiphoning from the storage tank to the roof

array, which had been observed, was stopped by installing check valves in

the supply and return lines. The roof array collector fluid sensor was

also moved under the array's sheet metal flashing for protection from the

weather. All fluid temperature sensors were also isolated by valves; this

innovation permits any sensor to be replaced without completely draining

the fluid.

Details of the final ground array configuration aye shown in Appen-

dix B.

5.3 Instrumentation and Control System Final Configuration

The instrumentation and control system was dismantled during this

report period and replaced with a mini-microprocessor-based control

system. The original control and instrumentation systems are described
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in previous technical reports (1, 2, 3). The replacement for this system

was installed and tested in the early summer of 1979 and has functioned

successfully since that time. All data gathering was suspended when the

mini-micro system controller installation was begun.

As described in the third interim technical report (3), a project

was undertaken to build a microprocessor-based controller to operate the

solar system in a normal-home heating mode. Since no further data gather-

ing was needed for the project, a small mini-computer was designed and

installed to operate the system. Second Lieutenant Michael L. Baumgartner,

then a cadet, designed the basic system shown in the functional block

diagram in Figure 5-1. A complete wiring diagram is shown in Appendix C.

The micro-computer used in the system is a Zilog Z-80. Random

Access Memory (RAM) is provided to the system by a National INS 8154

RAM-I/O chip. This chip provides 128 bytes of memory and 16 I/O lines

for controlling the house. Program storage is provided by a 2708 EPROM

which holds 1024 bytes of memory. The 16 I/O lines of the INS 8154

provide two ports--one for signal input and one for output. Port B uses

eight I/O lines for output only. Port A uses the remaining eight lines

as a bi-directional I/O bus. The output data to control the house opera-

tion is placed at Port A. Then one line of Port B, PB4, is pulsed high-

low-high to latch the data into the 74LS374 (see wiring diagram in

Appendix C). Sensor information is input to Port A when the correct

address for the channel desired is given to the H1818, AMUX; PBS is brought

low to start the conversion from analog to digital, ADC, and enable the

81LS95 to latch the data to Port A. Prior to this, Port A has been

reconditioned as an input port. After a time delay for conversion of

data, the information is read into Port A and stored in memory. The

5-4



V

system is totally memory mapped, that is, all devices including 1/0 are

treated as memory. An ambiguous addressing scheme is used to select the

desired peripheral device. The addressing is as follows-

0000H - 03FFH PROM

OC0OH - OC7FIt RAM

080011 - 087FIt I/O

The basic control program for the solar controller is a modification

of the original program shown in the first interim technical report (1).

A complete listing of the presert program is included in Appendix C. The

program was simplified since there are no variable flow control valves

located in either collector array and the sensors on the ground array are

now being used to control both arrays. In an effort to simplify the system

the designers reduced the total number of sensors even further. Some opera-

tions done by the original system, therefore, have been implemented in

software for the present system. These changes have been made using the

experience gained from previous research.

Figures 5-2 through 5-4 contain the flow chart for the main portions

of the control program. The task scheduler initializes all control param-

eters and calls all subroutines needed for control of the house. These

subroutines are callcd approximately every second which corresponds to a

visible Activity Light Emitting Diode (LED) changing states, i.e., blinking

on and off. The ground array routine (Figure 5-3) is basically the same

as it was in the original program. As stated previously, the main dif-

ference is that this routine now controls both the ground and roof array

collector operation. This was done for ease of maintenance due to the

difficulty in replacing the roof array sensors in the event of their

failure. It was determined that this method of operation would result in
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Initialize all Control and Delay Words
Set Stack Pointer
Shut off all Pumps and Equipment

Call READ (Reads all Sensor Valves)

Cl (Controls Ground andCall ONDARRAY Roof Collector Arrays)

Call fATCOIL (Heats House)

Delay 1 Second ]

Call BLINK (Blinks Activity LED)

Figure 5-2. Task Scheduler Flow Chart
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minimal energy loss during start-up or shutdown. A time delay has also

been placed in this routine whenever the collector array pumps are turned

on. This time delay, of about one minute, is used to keep the pumps from

cycling on ani off during start-up. This is used primarily for occupant

convenience. It was felt that the cycling, which sometimes occurred on

the old system, might cause some concern with the occupants. The change

should also help extend pump life. The heating program is the other

subroutine and is shown in Figure 5-4. To eliminate additional control

sensors, two additional timing routines were used. Both of these routines

have to do with the fan being turned on and off. To allow the hot storage

tank water to reach the heat exchanger in the return air plenum a delay

is set when the storage tank pump is turned on. After this delay, about

40 seconds, the fan is turned on. Also, to completely remove energy from

the heat coil after pump shutdown, the fan stays on for approximately

40 seconds after the pump is turned off.

Other routines used in the program are specific to the hardware

being used. They are not unique and depend upon the devices chosen to

perform the specific task.

The operation of the present system was designed for an occupant with

no technical background, and to be maintained by base-level civil engi-

neering forces. Figure 5-5 shows the coverplate of the mini-microprocessor

solar controller. The controller is located in the basement of the house

on a wall adjacent to the pumps and associated equipment. The solar

controller utilizes a temperature sensor in the house, and an internal

thermostat to control the house temperature by using either solar energy

or the gas furnace. A conventional wall-mounted thermostat located in

the living room still functions normally with the gas furnace. This
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thermostat must always be at a lower setting (at around 50-550 F) than

( the solar controller thermostat during normal operation. If operated

in this manner it will become apparent immediately if the solar controller,

ir the solar sy.4tem, is malfunctioning. Put simply, the house will get

cold. lf oh ocUrs the occupant will notify civil engineering mainte-

,tance 'orces. Untii repairs are made, the conventional thermostat can be

raised and the home will be heated solely by the gas furnace just like

any other house.

The LED's (Light Emitting Diodes) on the solar controller give a

visual display of system operation. The Activity LED, if Ilinking, shows

that the microcomputer is operating normally. The other LED's, if on,

indicate that the applicable mechanical unit is functioning. As indicated

on Figure 5-5, if the Activity LED is not blinking, the occupant is in-

structed to call civil engineering maintenance personnel. In addition,

if actual system operatiL does not agree with the controller LED display

(e.g., tank ptiaip LED on but the pump is not on, etc.) the occupant should

call for maintenance assistance. The following chapter discusses mainte-

nance and operation in greater detail.
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(CHAPTER 6

HOMEOWNER AND MAINTENANCE MANUAL DEVELOPMENT

6.1 Introduction

Solar projects in the civilian sector have too often been victimized

by an "install it and forget it" attitude. Active solar systems can't be

abandoned if they are to provide good service throughout their design life,

Although most solar systems aren't complex or inherently difficult to main-

tain, they still represent a mystery to most craftsmen. Similarly, many

typical homeowners will have no technical understanding of solar systems.

The combination of these two factors, if not overcome, can result in

efficient operation and early failure of solar projects.

6.2 Maintenance Manual Development

When the research project was drawing to a close, the researchers

perceived a need to prepare an operation and maintenance manual for use

by civil engineering 'srsonnel. A manual was required because the mainte-

nance had been mostl> performed by the research team and Base Civil

Engineering craftsmen had not had the opportunity to learn the system.

It was not considered enough, therefore, to simply enter one-line

descriptions of required tasks in the recurring maintenance schedule;

a manual describing why, when, and how these tasks had to be accomplished

was prepared. The entire manual appears in Appendix D.

The manual covers routine scheduled maintenance such as checking

freeze protection in collector circuits, cleaning pipe strainers, pump

lubrication, checking pressure relief valves and other similar tasks.

Detailed instructions on system draining and recharging are included;
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all valves and pumps are clearly labeled on the system and the instruc-.

tions are keyed to these labels.

Since most civil engineering craftsmen have no familiarity with solid

state controllers a significant portion of the manual is devoted to a

"troubleshooting checklist" for the controller. A control diagram showing

the location of all system sensors and typical signal outputs is included.

Considerable detail is also included which should permit an electrician

unfamiliar with solid state technology to actually repair a malfunctioning

controller with available spare parts that were provided.

In conclusion, it is strongly recommended that a similar manual be

provided for all projects which will be maintained by in-house forces.

6.3 Homeowner Manual Development

A knowledgeable homeowner or facility custodian who is familiar with

"his" solar system will help considerably in achieving proper system

operation. A manual which explains the system in lay terms will help

to achieve a knowledgeable occupant. The typical Air Force occupant may

be less motivated towards solar than his civilian counterpart since he

does not have a personal investment at stake. The manual should there-

fore try to motivate and be as short and simple as possible. The manual

developed by the researchers is shown in Appendix E.

The key component of the manual is the section which explains the

solar controller's visual display panel. The manual's descriptions of

the typical operational modes which are displayed on the controller

greatly aid a homeowner's understanding of the system. In effect, the

facility occupant can troubleshoot the system himself.
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CHAPTER 7

CONCLUSIONS AND RECOMMENDATIONS

7.1 Conclusions

The conclusions of the research during the last year of work are

briefly summarized as follows:

a. The evacuated tube collectors used in this project were not

as effective as flat plate collectors. They were more costly, required

more care in installation and maintenance and were not as efficient in

this application.

b. A microprocessor-based solar controller is economical,

effective and reliable. The only disadvantage associated with their

use is that they are not as well understood by most engineers and mainte-

nance craftsmen. This may be a significant concern for the Air Force.

c. A solar space heating system can maintain a livable environ-

ment in a facility which has been cut off from conventional energy sources.

This presupposes that electrical power to operate the system remains

available during such an emergency.

d. An unoccupied residential facility requires more traditional

space-heating energy (i.e., natural gas, fuel oil, etc.) than an occupied

building. The energy gains associated with occupancy are considered to

be a substantial portion of the total heating-energy budget of a small,

well insulated structure.

e. The urea formaldehyde (UF) foam insulation used in this

project has not begun to degrade or to produce formaldehyde gas. The

UF foam had been in place for three years when the home was checked for

the presence of vapors. (Despite this finding the researchers cannot
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recommend widespread use of UF foam since its degradation has been

reported in other locations.)

7.2 Recommendations

During the course of this project many lessons in several areas of

solar technology have been learned. These lessons and many tips for

designers have been consolidated in a final summary report for this pro-

ject. The reader is referred to ESL-TR-80-35(4), available from NTIS,

for these recommendations.
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APPENDIX A

SOLAR SYSTEM TABULARIZED

PERFORMANCE DATA SUMMARY

(May 1978- April 1979)

Month Page No.

May 1978 A-2 - A-3

June 1978 A-4 - A-5

July 1978 A-6 - A-7

August 1978 A-8 - A-9

September 1978 A-10-A-11

October 1978 A-12-A-13

November 1978 A-14-A-15

December 1978 A-16-A-17

January 1979 A-18-A-19

February 1979 A-20-A-21

March 1979 A-22-A-23

April 1979 A-24-A-25
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Storage
Tank-Temp Ground Array Roof Array

Solar Daily Performance Performance
Julian Insolation - - - - -

Date MJ/M /Day Start Finish MJ MJ MJ MJ
MAY CumHoriz. oc Avail Col. % Avail, Col.

121 4.6 24 23 85 0 0 85 0 0

122 3.9 23 22 71 0 0 71 0 0

123 11.0 21 26 203 82 41 203 47 23

124 11.5 24 27 196 81 41 196 29 15

125 2.0 26 26 38 0 0 38 0 0

126 1.4 24 24 34 0 0 34 0 0

127 10.0 23 27 175 0 0 175 0 0

128 13.1 26 28 221 96 43 221 -1 0

129 26.3 26 27 440 329 75 440 53 12
130 21.9 12 29 359 307 86 359 125 35

131 20.6 27 38 333 232 70 333 166 50

132 23.2 32 46 380 250 66 380 199 52

133 25.8 38 48 427 276 65 427 154 36

134 23.1 42 53 374 227 61 374 201 54

135 17.5 51 56 281 148 53 281 129 46

136 22.6 52 60 376 194 52 376 170 45

137 9.9 56 56 162 0 0 162 0 0

138 26.6 46 54 431 233 54 431 186 43

139 23.1 48 55 368 198 54 368 168 45

140 21.2 53 56 395 166 46 359 148 41

141 10.1 50 48 170 1 1 170 2 1

142 18.4 41 46 301 103 34 301 69 23

143 16.1 41 46 261 82 31 261 57 22

144 25.4 42 52 910 220 24 910 141 16

145 21.5 47 50 318 152 48 318 53 17

146 21.0 47 51 319 164 51 319 70 22

147 12.9 48 47 173 27 16 173 5 3

148 16.3 44 44 263 118 45 263 81 31

149 21.1 37 43 319 203 64 319 78 25

150 22.0 39 44 155 162 46 355 80 22

151 10.8 39 39 146 0 0 146 1 0

TOTALS 13.3 37 41 8852 4055 46 8852 2411 27
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Julian Degree House Heating Demand (14J), Time Avg Hourly
Date Days - , Interval Heating Demand

MIIAY (0F) Total Solar Gas % Solar Analysis KJ/Hour

121 27 212 37 175 17 24 8.83

122 30 254 0 254 0 2-3-  11.11

123 24 202 0 202 0 24 8.60

124 22 201 0 201 0 24 8.32

125 32 216 0 216 0 23 9.22

126 32 138 0 138 0 14 9.68

127 3i 132 0 132 0 14 9.43

128 25 188 0 188 0 23 8.25

129 26 193 48 145 25 23 8.25

130 12 116 20 96 17 23 4.98

131 4 46 0 46 0 24 1.92

132 15 124 124 0 100 23 5.44

133 14 103 103 0 100 23 4.48

134 4 76 76 0 100 23 3.31

135 2 32 32 0 100 21 1.51

136 5 0 0 0 0 20 0.00

( 137 11 50 50 0 100 20 2.43

138 11 147 147 0 100 22 6.57

139 7 98 98 0 100 23 4.27

140 8 74 74 0 100 23 3.27

141 10 108 108 0 100 24 4.49

142 7 81 81 0 100 24 3.42

143 5 66 66 0 100 22 2.95

144 5 17 17 0 100 23 0.72

145 6 61 61 0 100 23 2.62

146 1 15 15 0 100 23 0.65

147 12 72 72 0 100 24 3.01

148 16 61 61 0 100 16 3.70

149 10 88 88 0 100 23 3.85

150 4 51 51 0 100 23 2.21

151 17 159 159 0 100 23 6.84

TOTALS 435 3381 1587 1795 47 687 4.92
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Storage Ground Array Roof Array
S01ar Tank Tem Performance Performance

Julian Insolation Daily _ 
)

Date Nj/M 2/Day Start Finish MJ MJ M.J MJ
JUNE Cum,Horiz. °C 0C Avail. Col. % Avail Col. %

152 4.0 31 28 62 0 0 62 0 0

153 1.0 27 27 18 0 0 18 0 0
154 2.4 34 25 ill 0 0 ill 0 0

155 6.5 24 26 87 27 31 87 8 10

156 .-- -- --.- --- -- .--

157 13.6 24 38 194 75 39 194 42 21

158 12.3 31 37 190 99 52 190 54 29

159 10.6 35 44 157 105 67 157 63 40

160 25.4 38 47 362 216 60 362 123 34

161 23.5 44 51 340 184 54 340 109 32

162 25.1 49 54 386 214 56 386 96 25

163 21.0 51 56 290 115 40 290 71 24

164 20.5 49 57 286 124 44 286 86 30

165 22.1 50 60 322 161 50 322 106 33

166 25.2 53 62 355 185 52 355 129 36

167 26.4 54 64 386 197 51 386 144 37

168 20.3 59 62 306 100 33 302 77 25

169 21.0 54 61 319 128 40 319 87 27

170 12.2 55 62 181 91 50 181 58 32

171 16.7 55 60 344 96 39 244 77 32

172 10.6 54 53 151 36 24 151 22 14

173 5.4 61 61 68 29 43 68 15 21

174 25.0 54 62 360 163 45 360 89 25

175 21.0 55 61 297 110 37 297 58 20

176 27.1 54 65 394 185 47 394 174 44

177 22.8 57 66 342 138 41 342 125 37

178 15.6 56 62 236 53 23 236 43 18

179 23.4 57 64 357 144 40 357 134 38

180 14.2 57 58 199 24 12 199 15 7

181 13.5 52 58 221 83 37 221 54 24

II
TOTALS 15.8 47 52 7217 1084 43 7217 2057 29
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Julian Degree House Heating Demand (MJ) Time Avg Hourly

Date Days Interval Heating Demand
JUNE (°F) Total Solar Gas % Solar Analysis MJ/Hour

152 18 207 144 62 70 24 8.62

153 18 36 0 36 0 7 5.19

1414 71 0 71 1 17 4.12,

155 15 47 0 47 0 14 3.36

156 16 -- -- -- -- -- --

157 24 61 0 61 0 18 3.37

158 -- 98 98 0 100 15 6.75

159 -- 23 23 0 100 10 2.22

160 -- 69 69 0 100 24 2.89

161 -- 0 0 0 0 24 0.00

162 -- 0 0 0 0 17 0.00

163 -- 0 0 0 0 22 0.00

164 -- 17 17 0 100 24 0.72

165 -- 0 0 0 0 23 0.00

166 -- 0 0 0 0 24 0.00

167 -- 0 0 0 0 23 0.00

168 -- 0 0 0 0 23 0.00

169 ..... 24 0.00

170 -- 0 0 0 0 19 0.00

171 -- 0 0 0 0 21 0.00

172 -- 0 0 0 0 12 0.00

173 0 0 0 0 0 9 0.00

174 0 0 0 0 0 24 0.00

175 0 0 0 0 0 24 0.00

176 0 0 0 0 0 24 0.00

177 0 0 0 0 0 24 0.00

178 0 0 0 0 0 24 0.00

179 0 0 0 0 0 24 0.00
180 0 0 0 0 0 24 0.00

181 3 0 0 0 0 24 0.00

TOTALS 108 629 352 277 56 586 1.07
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Ground Array Roof Array

Solar Daily Performance Performance
Julian Insolation
Date Mj/M2/Day Start Finish MJ MJ MJ MJ

DatSi 59/ i iM
JULY Cum,Horiz. °°C Avail, Col. % Avail Col.%

182 23.7 51 59 344 139 '40 344 90 26

i83 24.3 52 60 348 156 45 348 75 21

184 26.8 53 61 382 183 48 382 82 22
185 27.4 54 66 1942 191 10 1942 179 9

186 25.6 58 68 580 172 30 580 164 28

187 19.8 59 65 397 83 21 397 87 22

188 21.4 59 67 300 109 36 300 99 33

189 24.0 60 67 413 144 35 413 127 31

190 15.1 59 63 256 55 21 256 56 22

191 14.0 56 58 222 19 9 222 18 8

192 18.4 53 57 280 96 34 280 81 29

193 19.5 52 59 308 05 34 308 87 28

194 16.0 54 59 244 91 37 244 82 34

195 18.1 52 64 285 122 43 285 124 43

196 17.2 56 62 266 85 32 266 79 30

197 17.0 54 60 258 80 31 258 77 30

198 18.3 53 55 275 55 20 275 54 20

199 20.3 51 60 310 129 41 310 115 37

200 16.6 54 60 277 108 39 277 108 39

201 16.1 54 56 232 39 17 232 36 16

202 18.0 51 56 273 92 34 273 90 33

203 6.1 51 60 86 7 8 86 4 4

204 20.9 52 62 346 146 42 346 145 42

205 24.2 54 67 379 190 50 379 182 48

206 19.4 58 67 308 127 41 308 128 42

207 21.3 59 68 351 152 43 0 0 0

208 16.3 60 59 269 106 39 0 0 0

209 18.1 62 67 410 76 19 0 0 0

210 13.5 59 67 268 82 31 0 0 0

211 17.5 54 64 299 140 47 0 0 0

212 15.6 56 63 272 89 33 0 0 0

TOTALS 14.2 55 62 11181 3366 30 9312 2371 25
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Julian Degree House Heating Demand (MJ) Time Avg Hourly
Date Days Interval Heating Demand
JULY 0 F) Total Solar Gas % Solar Analysis MJ/Hour

182 0 0 0 0 0 0.00

183 0 0 0 0 0 0 0.00

184 0 0 0 0 0 0 0.00

185 0 0 0 0 0 0 0.00

186 0 0 0 0 0 0 0.00

187 0 0 0 0 0 0 0.00

188 0 0 0 0 0 0 0.00

189 0 0 0 0 0 0 0.00

190 1 0 0 0 0 0 0.00

191 1 0 0 0 0 0 0.00

192 0 0 0 0 0 0 0.00

193 0 0 0 0 0 0 0.00

194 0 0 0 0 0 0 0.00

195 0 0 0 0 0 0 0.00

195 0 0 0 0 0 0 0.00

197 0 0 0 0 0 0 0.00

198 0 0 0 0 0 0 0.00

199 0 0 0 0 0 0 0.00

200 0 0 0 0 0 0 0.00

201 1 0 0 0 0 0 0.00

202 3 0 0 0 0 0 0.00

203 5 13 13 0 100 17 0.73

204 3 42 42 0 100 23 1.80

205 0 0 0 0 0 0 0.00

206 0 0 0 0 0 0 0.00

207 0 0 0 0 0 0 0.00

208 0 0 0 0 0 0 0.00

209 0 0 0 0 0 0 0.00

210 0 0 0 0 0 0 0.00

211 1 0 0 0 0 0 0.00

212 0 0 0 0 0 0 0.002120 0I I I 0I 00

TOTALS 15 55 55 0 100 684 0.08
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Storage
Tank Temp Ground Array Roof ArrayJulian Insolation Daily Performance Performance

Date MJ/M2/Day Start Finish MJ MJ MJ NJ
AUGUST Cum,Horiz. °C °C Avail Col. % Avail. Col.

213 20.5 57 64 395 114 32 359 240 67

214 14.4 58 62 255 75 30 255 158 62

215 3.1 55 52 54 0 0 54 0 0

216 12.5 44 52 219 75 34 219 137 63

217 24.2 46 61 415 207 50 0 0 0

218 13.3 54 61 231 89 38 231 181 78

219 24.6 57 68 424 190 45 0 0 0

220 18.1 62 64 307 76 25 307 57 18

221 0.0 59 64 0 0 0 0 0 0

222 15.4 60 61 261 37 14 261 23 9

223 18.6 55 63 333 120 36 333 81 24

224 18.8 56 63 342 129 38 342 87 25

225 18.7 57 64 339 124 37 339 66 19

226 21.4 57 67 426 149 35 426 78 18

227 24.6 58 68 457 190 42 457 107 23

228 23.1 59 69 438 299 46 438 111 25

229 22.6 62 71 440 188 43 440 99 23

230 --- -- -- --- --- -- ----

231 21.7 56 64 411 164 40 411 112 27

232 17.8 57 62 344 118 34 344 74 21

233 15.9 58 60 303 78 26 303 51 17

234 15.9 54 58 306 63 21 306 57 19

235 20.6 53 65 407 179 44 407 168 41

236 12.8 57 60 245 48 20 245 47 19

237 .-- -- -.--- -- -.--- --

238 13.2 48 58 276 129 47 276 102 37

239 20.9 52 65 455 209 46 455 174 38

240 20.0 57 68 423 173 41 423 158 37

241 5.2 60 59 109 0 0 109 0 0

242 17.9 51 62 378 171 45 378 137 36

243 13.7 54 60 290 63 22 290 56 19

TOTALS 15.9 55 62 9247 3359 36 8408 2561 30

A-8



Julian Degree House Heating Demand (J) Time Avg Hourly

Date Days Interval Heating Demand
AUGUST ( F) Total Solar Gas % Solar Analysis MJ/Hour

213 0 0 0 0 0 24 0.00

214 6 0 0 0 0 20 0.00

215 9 59 59 0 100 22 2.67

S216 7 92 92 0 100 22 4.12

217 2 47 47 0 100 23 2.04

218 0 0 0 0 0 14 0.00

219 0 0 0 0 0 24 0.00

223 0 0 0 0 0 23 0.00

220 3 0 0 0 0 23 0.00

221 3 0 0 0 0 5 0.00

222 2 0 0 0 0 23 0.00

3520 35 0 10 23 1.51

224 0 0 0 0 0 24 0.00

225 0 0 0 0 0 24 0.00

226 0 0 0 0 0 22 0.00
227 6 16 16 0 100 23 0.71

228 0 36 36 0 100 24 1.52

229 0 0 0 0 0 21 0.00

230 7 - - - - -- --

231 8 35 35 0 100 23 1.51

232 0 17 17 0 100 24 0.69

233 0 0 0 0 0 23 0.00

234 0 0 0 0 0 23 0.00

235 0 0 0 0 0 24 0.00

236 0 0 0 0 0 20 0.00

237 2 .......- -

238 0 0 0 0 0 14 0.00

239 0 0 0 0 0 24 0.00

240 4 0 0 0 0 22 0.00

241 9 19 19 0 100 21 0.86

242 9 75 75 0 100 21 3.51

243 2 51 51 0 100 22 2.34

TOTALS 79 447 447 100 623 0.72
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Storage

Solar Tank Temp Ground Array Roof Array

Julian Insolation Daily Performance Performance

Date Mj/M2/Day Start Finish MJ MJ MJ NIJ
SEP Cum,Horiz. °C °C Avail. Col. % Avail Col. %

244 18.3 56 63 387 152 39 387 120 31

245 13.8 57 62 308 64 21 308 99 16

246 21.7 58 68 476 206 43 476 156 33

247 21.6 59 70 476 193 41 476 135 28

248 3.7 62 69 78 0 0 78 1 1

249 20.0 64 74 448 193 43 448 134 30

250 -- -. -- --- --- --. --- --- --

251 19.3 66 78 440 192 44 440 123 28

252 1.7 76 75 36 3 7 36 2 5

253 15.0 67 69 347 74 21 0 0 0

254 0.0 66 66 0 0 0 0 0 0

255 17.5 62 66 0 0 0 418 169 40

256 16.8 57 61 0 0 0 405 112 28

257 12.4 54 54 0 0 0 301 124 41

258 19.2 53 58 0 0 0 0 0 0

259 17.8 55 59 0 0 0 438 199 45

260 4.6 56 56 0 0 0 113 6 5

261 19.8 49 55 0 0 0 0 0 0

262 16.0 50 56 0 0 0 0 0 0

263 1.2 52 52 0 0 0 0 0 0

264 0.0 38 38 0 0 0 0 0 0

265 18.7 31 41 0 0 0 490 300 61

266 17.0 36 46 0 0 0 0 0 0

267 7.2 42 42 0 0 0 0 0 0

268 14.2 37 41 0 0 0 384 108 28

269 17.5 37 47 0 0 0 0 0 0

270 --.- -- -- -- - -- -- - --

271 --- --- ---. ...

2 7 2 --- .. .. .. .. .. .. .... .

2 7 3 .... .. .. .. ... -.

TOTALS 13.4 53 58 2996 1076 l6 5198 1737 33

System being modified; evacuated tube collectors being instali-d on ground array.
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Jul ian Degree House Heating Demand (MJ) Time Avg Hourly
Date Days Interval Heating Demand
SEP ( F) Total Solar Gas % Solar Analysis KJ/Hour
244 0 0 0 0 0 24 0.00

245 1 0 0 0 0 23 0.00

246 0 0 0 0 0 18 0.00

247 1 0 0 0 0 24 0.00

248 0 0 0 0 0 12 0.00

249 0 0 0 0 0 22 0.00

250 1 0 0 0 0 22 .0

251 2 0 0 0 0 21 0.00

252 0 0 0 0 0 6 0.00

253 0 0 0 0 0 17 0.00

254 2 0 0 0 0 3 0.00

255 7 0 0 0 0 21 0.00

256 12 68 68 0 100 24 2.83

237 10 51 51 0 100 14 3.64

258 1 16 16 0 100 23 0.70

259 0 0 0 0 0 23 0.00

260 11 0 0 0 0 19 0.00
261 6 61 61 0 100 23 2.65

262 22 118 118 0 100 22 5.36

263 26 92 92 0 100 10 9.20

264 24 47 47 0 100 6 7.83

265 15 142 142 0 100 24 5.92

266 7 93 93 0 100 23 4.04

267 7 71 71 0 100 23 3.07

268 10 403 403 0 100 21 19.19

269 6 66 66 0 100 22 3.00

270 6 - - - - --

271 6 - - - -

272 7 - - - -

273 13 - - - - -- --

TOTALS 201 1228 1228 0 100 468 2.62

System being modified; evacuated tube collectors being installed on ground array.
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Storage
Jian Solar Tank Temp Ground Array Roof Array )

Daily Performance Performance

Date MJ/M2/Day Start Finish MJ MJ MJ MJ
OCT Cum,Horiz. °C °C Avail] Col. % Avail Col. %

274 16.7 59 64 396 97 24 479 295 62

275 9.4 60 62 224 40 18 272 148 S4

276 16.1 56 63 390 112 29 472 359 76

277 11.2 54 61 276 64 23 334 89 27

278 14.4 53 61 354 114 32 429 176 41

279 15.7 56 61 390 129 33 473 232 49

280 15.1 53 62 381 121 32 461 220 48

281 12.4 55 59 321 57 18 388 121 31

282 13.8 54 63 354 111 31 429 201 47

283 14,1 61 66 368 113 31 445 212 48

284 12.5 61 68 341 88 26 413 155 38

285 0.1 64 69 3 0 0 3 0 0

286 13.2 60 64 353 83 24 427 141 33

287 13.0 60 60 353 110 31 427 146 34

288 15.2 50 59 419 125 30 508 187 37

289 14.5 52 59 402 117 29 486 163 33

290 8.4 52 53 238 17 7 288 45 16

291 11.7 47 54 330 84 25 399 130 32

292 14.0 46 57 403 126 31 488 208 43

293 10.1 50 53 298 38 13 361 68 19

294 4.2 50 48 126 0 0 153 0 0

295 2.9 44 44 84 0 0 101 0 0

296 8.9 27 32 264 56 21 319 98 31

2 9 7 .... .. .. .. .. - -- - -- - -

298 4.4 28 28 135 3 2 163 1 1

299 14.2 24 41 441 150 34 533 254 48

300 8.7 30 44 267 93 35 323 147 45

301 12.9 36 49 404 134 33 490 422 86

302 13.4 41 54 424 139 33 513 225 44

303 11.2 52 53 345 74 21 418 122 29

304 12.7 41 52 407 121 30 492 235 48

TOTALS 11.4 49 55 9491 2517 27 11490 4801 42
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Julian Degree House Heating Demand (MJ) Time Avg Hourly
Date Days Interval Heating Demand
OCT (0 Total Solar Gas % Solar Analysis MJ/Hour

274 3 34 34- 0 100 24 1.42

275 13 0 0 0 0 17 0.00

276 20 81 81 0 100 24 3.35

277 14 112 112 0 100 22 5.09

278 23 147 147 0 100 22 6.60

279 21 140 140 0 100 23 6.17

280 14 119 119 0 100 24 4.96

281 11 78 78 0 100 24 3.23

282 9 31 31 0 100 22 1.36

283 11 67 67 0 100 20 3.33

284 1 16 16 0 100 24 0.66

285 16 0 0 0 0 11 0.00

286 25 173 173 0 100 23 7.48

287 21 126 126 0 100 20 6.29

288 14 118 118 0 100 23 5.08

289 16 104 104 0 100 23 4.52

290 7 82 82 0 100 23 3.59

291 21 77 77 0 100 22 3.52

292 15 107 107 0 100 24 4.46

293 10 83 83 0 100 24 3.47

294 12 75 75 0 100 24 3.11

295 28 245 245 0 100 17 14.23

296 28 253 193 60 76 24 10.53

297 16 -- -- - -- -- --

298 32 319 284 35 89 24 13.28

299 27 197 82 115 41 24 8.22

300 19 173 173 0 100 20 8.78

301 16 130 130 0 100 24 5.38

302 15 128 128 0 100 24 5.32

303 26 145 145 0 100 21 7.07

304 24 188 188 0 100 23 8,19

TOTALS1 528 3549 3339 210 94 664 5.34
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Storage
Tank Temp Ground Array Roof Array )Julian Insolation Daily Performance Performance

Date MJ/M2/Day Start Finish MJ MJ MJ MJ
NOV Cum,Horiz. 0C oc Avail. Col. % Avail. Col. %

305 8.5 41 42 278 66 24 337 121 36

306 12.4 34 47 401 158 39 486 233 48

307 12.2 39 49 404 137 34 489 267 54

308 11.9 47 50 403 139 34 488 211 43

309 5.8 44 44 199 8 4 241 2 1

310 11.6 29 39 404 140 35 489 377 77

311 7.4 37 39 254 85 33 308 196 64

312 11.2 31 43 407 149 37 493 340 69

313 10.8 37 50 397 142 36 481 217 45

314 1.8 42 35 74 0 0 so 0 0

315 2.5 29 29 87 0 0 105 0 0

316 2.8 28 27 105 2 2 127 0 0

317 11.1 26 39 395 151 38 478 238 50

318 1.4 28 27 51 0 0 62 0 0

319 8.2 26 39 305 121 40 369 210 57

320 11.2 29 42 411 143 35 497 225 45

321 10.5 29 41 387 146 38 468 219 47

322 6.1 28 42 223 84 38 270 124 46

323 8.2 29 43 306 100 33 371 168 45

324 2.0 29 29 84 0 0 102 0 0

325 5.6 27 30 222 41 18 0 0 0

326 7.4 26 37 268 105 39 0 0 0

327 9.7 26 38 370 121 33 0 0 0

328 5.3 27 29 204 35 17 0 0 0

329 1.5 27 27 63 0 0 76 0 0

330 4.3 25 29 163 39 24 198 29 15

331 10.4 26 37 403 127 32 488 140 29

332 6.8 33 36 282 28 10 341 41 12

333 8.5 29 34 329 112 34 398 125 31

334 8.2 28 34 317 95 30 384 126 33

TOTALS 6.6 31 37 81 97 2470 50 9635 3611 42
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Julian Degree House Heating Demand (MJ) Time Avg Hourly
Date Days Interval Heating Demand

NOV (F) Total Solar Gas % Solar Analysis MJ/Hour

305 19 165 165 0 100 24 7.02

306 16 129 129 0 100 23 5.53

307 17 118 118 0 100 24 4.91

308 17 134 134 0 300 23 5.71

309 23 269 269 0 100 21 12.57

310 33 164 140 24 85 17 9.52

311 20 163 163 0 100 14 11.85

312 8 86 86 0 100 24 3.56

313 16 80 80 0 100 24 3.43

314 38 389 381 8 98 24 16.19

315 45 240 0 240 0 19 12.38

316 34 200 0 200 0 19 10.83

317 32 301 188 113 63 24 12.65

318 40 314 63 251 20 24 13.19

319 37 294 168 127 57 23 12.93

320 36 317 220 96 70 24 13.43

321 35 347 287 60 83 24 14.45

322 28 274 235 39 86 21 13.24

323 32 257 215 42 84 21 12.17

324 42 310 129 181 42 23 13.46

325 31 290 105 185 36 23 12.61

326 26 244 131 113 54 22 11.09

327 25 231 162 69 70 23 9.93

328 27 223 85 138 38 24 9.29

329 16 213 0 213 0 24 8.81

330 39 246 0 246 0 23 10.59

331 44 135 0 135 0 22 6.06

332 31 197 127 70 64 23 8.52

333 31 311 173 138 56 22 14.01

334 30 264 131 134 49 22 11.83

TOTALS 869 6907 4084 2824 59 669 10.33
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Storage
Tank Temp Ground Array Roof Array

solan Daily Performance Performance
Julia Insolation
Date MJ/M /Day Start Finish MJ Mi MJ MJ
DEC Cum,Horiz. °C °C Avail. Col. % Avail. Col. %

335 7.3 28 32 297 71 24 359 99 28

336 3.4 27 27 134 0 0 162 0 0

337 9.3 28 29 371 100 27 449 20 S

338 8.7 27 34 344 118 34 416 133 32

339 2.8 29 28 126 0 0 152 0 0

340 1.6 27 27 70 0 0 85 0 0

341 6.0 24 24 239 0 0 289 0 0

342 10.1 23 24 408 43 11 494 0 0

343 9.6 26 28 395 106 27 478 9 2

344 4.5 26 27 187 26 14 226 1 0

345 9.4 26 34 399 133 33 484 132 27

346 0.0 31 31 0 0 0 0 0 0

347 8.0 28 30 330 0 0 400 121 30

348 8.3 28 41 325 121 37 394 234 59

349 1.9 28 38 84 21 25 102 59 58

350 1.6 29 36 71 13 18 86 39 45

351 6.2 28 29 268 23 9 324 52 16

352 6.7 27 32 274 75 27 332 170 51

353 3.0 26 32 120 36 30 145 79 55

354 6.0 27 35 251 81 32 304 196 64

353 3.0 28 35 140 30 21 170 56 33

356 7.0 28 38 295 110 37 358 202 57

357 3.6 29 28 176 0 0 214 0 0

468 9.1 2- 37 390 138 35 472 216 46

359 4.8 28 32 194 44 22 235 67 29

360 9.6 28 35 422 129 31 510 231 45

361 7.0 28 38 296 95 32 358 187 52

362 4.2 28 38 170 60 35 205 112 55

363 4.3 29 28 165 0 0 200 0 0

364 6.3 27 28 260 6 2 315 37 12

365 7.8 26 30 306 S8 19 371 127 34

TOTALS 5.4 27 31 7508 1636 22 9089 2579 28
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Julian Degree House Heating Demand (MJ) Time Avg Hourly
Date Days Interval Heating Demand

0K DEC (OF) Total Solar Gas % Solar Analysis MJ/Hour

335 31 279 146 134 52 24 11.64

336 57 257 0 257 0 16 16.36

337 52 349 0 349 0 23 15.13

338 27 301 136 166 45 22 13.44

339 37 249 0 249 0 20 12.27

340 55 340 0 340 0 20 16.69

341 65 398 0 398 0 22 17.75

342 68 442 0 442 0 23 19.18

343 48 371 0 371 0 23 16.00

344 41 256 0 256 0 22 11.71

345 38 244 78 167 32 19 12.95

346 29 69 8 61 12 7 9.29

347 44 315 47 268 15 24 13.14

348 24 245 145 100 59 11.44

349 30 231 206 25 89 18 12.94

350 43 313 179 134 57 18 17.38

351 34 308 45 263 15 24 12.81

352 19 157 67 89 43 21 7.45

353 26 197 137 60 70 18 11.13

354 42 301 134 167 45 22 13.93

355 33 288 107 180 37 20 14.71

356 36 296 183 114 62 22 13.29

357 45 319 13 306 4 23 13.86

358 37 361 181 180 50 24 15.06

3S9 40 317 68 249 21 23 13.68

360 45 418 207 211 50 24 17.31

361 26 303 185 118 61 22 13.89

362 29 287 200 88 69 20 14.39

363 46 342 31 311 9 22 15.70

364 60 408 0 408 0 23 17.72

365 59 432 43 389 10 24 17.91

TOTALS 1266 9393 2545 6848 27 655 14.34
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Storage
Solar Tank Temp Ground Array Roof ArrayJulian Insolation Daily Performance Performance

Date Mj/M 2/Day Start Finish MJ MJ MJ MJ
JAN Cum,Horiz. 0C °C Avail. Col. % Avail. Col. %

1 2.9 27 27 113 4 3 137 1 1

2 8.3 24 32 335 117 35 405 177 40

3 7.9 28 36 328 119 36 396 224 56
4 9.1 28 35 357 115 32 432 212 49

5 7.6 28 32 300 60 20 363 143 40

6 8.8 28 33 352 95 27 426 203 48

7 8.8 28 33 348 89 26 421 192 46

8 1.4 28 37 78 7 8 94 18 19

9 8.2 28 33 327 67 21 395 159 40

10 6.0 28 30 238 29 12 288 53 19

11 6.7 27 29 1790 41 2 2167 77 4

12 4.4 27 28 179 3 1 217 22 10

13 8.5 27 30 330 77 23 400 111 28

14 8.9 27 33 348 87 25 421 182 43

is 0.6 28 33 37 0 0 44 0 0

16 8.3 29 38 317 86 27 383 182 48

17 8.2 29 33 310 71 23 376 144 38

18 6.1 28 29 249 16 7 301 52 17

19 4.1 27 28 170 5 3 206 20 10

20 10.3 27 35 387 95 24 469 204 43

21 10.0 28 39 377 101 27 456 210 46

22 4.5 29 31 166 25 15 201 50 25

23 10.5 30 32 393 97 25 476 107 23

24 8.6 28 37 312 92 29 378 173 46

25 5.7 28 30 206 25 12 250 46 18

26 6.0 27 27 217 3 1 263 1 0

27 11.6 24 33 417 106 26 504 217 43

28 0.6 29 29 28 0 0 34 0 0

29 4.1 28 27 137 0 0 166 0 0

30 11.4 27 30 398 88 22 481 108 22

31 11.6 27 35 404 116 29 489 228 47

TOTALS 7.0 27 32 9946 1834 18 12040 3518 29
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Julian Degree House Heating Demand (J) Time Avg Hourly
Date Days Interval Heating Demafid( 0JAN ( F) Total Solar Gas % Solar Analysis MJ/Hour

1 66 •413 0 413 0 21 19.67

2 47 396 66 331 17 22 18.38

3 45 418 209 209 50 24 17.67

4 52 423 174 249 41 24 17.80

5 54 302 89 213 29 17 18.33

6 49 349 183 166 53 18 19.42

7 57 465 183 282 39 24 19.35

8 45 315 123 192 39 18 17.64

9 43 388 132 256 34 23 16.93

10 45 366 19 346 5 24 15.43

11 27 309 47 263 15 24 13.09

12 53 261 0 261 0 23 11.31

13 52 381 48 333 13 24 16.09

14 41 425 156 268 37 24 17.59

15 28 196 51 146 26 13 15.52

( 16 26 220 105 115 48 20 11.14

17 38 324 182 141 56 23 14.19

18 32 281 53 228 19 24 11.62

19 35 257 0 257 0 23 11.22

20 39 323 164 160 51 24 13.35

21 29 283 144 140 51 23 12.55

22 42 357 91 266 25 24 14.85

23 51 387 99 288 26 24 16.13

24 41 399 214 185 54 22 17.99

25 39 301 28 273 9 23 12.91

26 54 382 0 382 0 24 15.75

27 55 575 280 295 49 24 23.86

28 58 164 0 164 0 9 19.14

29 57 226 0 226 0 15 15.58

30 60 415 50 364 12 23 17.67

31 54 469 223 246 47 24 19.93

TOTALS 1404 10772 3111 7660 29 669 16.11
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Storage

Solar Tank Temp Ground Array Roof Array
Daily Performance Performance

Date NJ/M2/Day Start Finish MJ NJ MJ NJ
FEB Cum,Horiz. °C °C Avail. Col. % Avail. Col. %
32 10.2 28 33 356 85 24 431 176 41

33 10.7 28 37 355 107 30 430 220 51

34 12.2 28 38 414 126 30 501 248 49

35 10.5 28 37 345 94 27 418 203 49

36 12.1 28 39 401 120 30 486 269 55

37 10.1 29 37 320 89 28 387 189 49

38 10.5 28 34 349 78 22 422 162 38

39 12.3 28 38 400 111 28 484 258 53

40 11.7 29 41 382 111 29 463 244 53

41 12.6 28 41 393 134 34 476 222 47
42 10.8 33 41 346 95 27 418 173 41
43 4.8 31 35 157 19 12 190 31 16

44 12.9 26 41 392 126 32 475 267 56

45 14.1 37 50 5S51 127 23 668 260 39

46 4.9 48 48 146 20 14 177 47 26

47 5.7 31 26 170 0 0 206 0 0

48 12.4 19 28 376 126 33 455 254 56

49 14.0 21 33 419 140 33 507 282 56

50 11.0 23 33 327 101 31 396 202 51

51 14.3 24 38 415 140 34 502 280 56

52 11.0 27 34 312 72 23 377 178 47

53 14.0 24 37 423 125 30 511 254 50

54 10.8 26 31 300 71 24 363 141 39

55 7.8 21 26 223 41 19 270 95 35

56 12.5 19 27 343 105 31 416 209 50

57 9.1 20 25 266 56 21 322 154 48

58 5.7 18 18 155 1 1 187 0 0

59 15.1 14 24 402 152 38 487 251 52

TOTALS 9.7 26 34 9438 2570 27 11425 5268 46
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Julian Degree House Heating Demand (MJ) Time Avg Hourly
Date Days Interval Heating Demand
FEB (F) Total Solar Gas % Solar Analysis MJ/Hour

32 45 364 156 208 43 22 16.56

33 41 325 190 135 58 20 15.90

34 43 424 254 170 60 24 17.67

35 49 402 256 146 64 24 17.00

36 43 367 187 180 51 23 16.10

37 42 210 111 99 53 16 13.54

38 35 334 176 158 53 22 14.90

39 42 358 223 134 62 24 14.91

40 32 275 191 184 69 21 12.82

41* 28 215 215 0 100* 23 9.20

42 21 272 272 0 100 22 12.14

43 23 306 306 0 100 22 14.07

44 13 139 139 0 100 23 5.95

45 12 28 28 0 100 24 1.16

46 34 152 152 0 100 14 11.10

47 47 392 392 0 100 24 16.33

48 37 309 309 0 100 24 12.87

49 35 284 284 0 100 24 11.83

50 28 220 220 0 100 23 9.54

51 29 182 182 0 ' 100 20 9.05

52 34 293 293 0 100 23 12.50

53 33 242 242 0 100 23 10.45

54 38 313 313 0 100 22 14.21

55 36 269 269 0 100 22 12.08

56 35 274 274 0 100 23 11.90

57 21 183 183 0 100 23 7.81

58 34 157 157 0 100 20 7.74

59 33 220 220 0 100 23 9.40

TOTALS 943 7509 6194 1315 82 621 12.09

* LESS Experiment (ref Chapter 4) from Julian Day 41-59.
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Storage

Solar Tank Temp Ground Array Roof Array )
Julian Insolation Daily Performance Performance

Date MJ/M 2/Day Start Finish MJ MJ Wi MJ
MAR Cum,Horiz, °C °C Avail. Col. % Avail. Col. %

60 12.1 18 28 320 99 31 388 208 54

61 4.8 21 21 127 7 5 153 25 16

62 13.6 21 30 353 108 31 428 186 43

63 16.5 27 39 423 133 31 513 334 65

64 16.1 29 42 409 130 32 495 337 68

65 15.3 29 29 384 109 28 465 275 59

66 14.2 30 43 349 119 34 423 270 64

67 12.4 33 40 303 65 22 367 154 42

68 8.3 28 29 200 10 5 242 17 7

69 17.8 28 39 430 140 33 521 283 54

70 15.6 29 44 377 128 34 456 279 61

71 0.2 33 43 4 0 0 5 0 0

72 6.3 32 33 149 27 18 181 58 32

73 0.0 36 36 0 0 0 0 0 0

74 17.4 28 41 399 130 33 482 274 57

7S 13.8 29 38 311 85 27 377 193 51

76 13.0 27 34 293 77 26 354 161 46

77 12.1 28 30 268 SO 19 324 87 27

78 9.6 26 32 211 53 25 255 93 37

79 1.0 26 26 22 0 0 27 0 0

80 2.1 24 24 45 0 1 54 0 0

81 7.9 23 23 168 0 0 204 0 0

2 18.2 21 22 384 37 10 465 0 0

83 20.4 23 28 425 146 34 515 49 10

84 11.2 29 36 233 93 40 282 100 35

85 6.8 27 27 139 1 1 168 1 1

86 17.0 25 34 344 118 34 416 213 51

87 17.3 29 37 347 114 33 420 232 55

88 14.4 31 41 283 83 29 343 178 52

89 13.9 29 33 272 59 22 329 126 38

90 6.9 26 27 135 13 10 164 27 161

TOTALS 10.9 27 33 8108 2133 26 9815 ,4161 42
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Julian Degree House Heating Demand (MJ) Time Avg Hourly
Date Days Interval Heating Demand
MAR ( F) Total Solar Gas % Solar Analysis MJ/Hour

60 24 207 207 0 100 23 8.88

61 32 282 107 175 38 24 11.95

62 44 294 50 244 17 23 12.56

63 40 351 200 151 57 24 14.61

64 35 272 190 82 70 23 11.72

65 26 183 183 0 100 17 10.93

66 23 88 88 0 100 16 5.53

67 29 300 300 0 100 24 12.50

68 40 248 67 180 27 23 10.89

69 37 305 171 134 56 24 12.66

70 24 193 146 47 76 23 8.32

71 23 196 196 0 100 12 15.88

72 29 171 171 0 100 12 14.29

73 30 69 69 0 100 5 14.48

74 25 232 198 34 85 23 10.06

75 22 256 256 0 100 23 11.04

76 20 265 265 0 100 24 11.02
77 33 235 141 94 60 23 10.32

78 25 272 113 160 41 24 11.35

79 34 199 0 199 0 21 9.40

80 29 198 0 198 0 23 8.58

81 37 230 0 230 0 23 10.15

82 37 206 0 206 0 24 8.57

83 29 154 0 154 0 22 7.18

84 24 719 719 0 100 13 56.40

85 32 255 66 188 26 24 10.61

86 23 206 99 108 48 24 8.59

87 17 156 156 0 100 23 6.95

88 23 227 227 0 100 20 11.33

89 25 304 304 0 100 24 12.66

90 30 220 61 159 28 24 9.11

TOTALS 911 7490 4749 2741 63 654 11.45
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Storage
Temp Tank Ground Array Roof Array )

Julian Inslation Daily Performance PerformanceDate n J/N2/Day Start Finish MJ NJa MJ J

APR Cum,Horiz. °C °C Avail. Col. % Avail. Col. %

91 10.8 25 25 208 2 1 251 0 0

92 16.9 23 28 323 45 14 391 87 22

93 --- -- -- --- --- -- --- --- --

9 4 --.-.. .. ... .. ... ... ..

95 --.-.------ --- -.. ... ..

96 .......... ... .. ... ... ..

9 7 - -- ... .. .. . . .. ... ... .

9 8 --.-.. .. ... .. ... ... ..

99 0.8 40 40 12 0 0 15 0 0

100 7.4 29 29 129 7 5 157 10 6

101 1.3 29 28 21 4 20 26 0 0

102 14.3 27 29 249 51 20 301 17 6

103 19.2 27 34 327 100 30 396 10 28

104 23.4 30 39 393 126 32 476 33 49

105 21.0 31 38 348 -77 -22 421 12 50

106 7.6 31 36 118 0 0 143 41 29

107 17.7 30 33 289 11 4 349 08 31

108 15.1 28 33 243 -1 0 295 26 43

109 .......... ... .. ... ... ..

1 1 0 - - -. .. .. .. .. ... .. ... ...

112 --- ---- --- -- --- ---

1 1 3 --- ... .. .. ... .. ... ...

114 .......... ... .. ... ... ..
115 .......... ... .. ... ... ..-- -

1 16 .... .... .. ... .--- ---

1 17 - -- ... .. .. ... .. ... ...

118 ..

119 .......... ... .. ... ... ..
120..... .. .. ...

TOTALS 13.0 29 32 2660 267 10 3220 45 29

Instrumentation and deta recording system malfunctioned most of month.
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Julian Degree House Heating Demand (MJ) Time Avg Hourly
Date Days Interval Heating Demand
APR (°F) Total Solar Gas % Solar Analysis MJ/Hour

91 43 242 0 242 0 24 10.05

92 37 149 0 149 0 17 8.65

93 39 -- -- -- -- -- --

94 32 .. .. .. ......

95 22 .. .. .. ......

96 25 .. .. .. ......

97 18 .... ......

98 22 .. .. .. ......

99 21 75 75 0 100 7 10.91

100 26 232 140 91 61 24 9,59

101 36 89 0 89 0 9 10.23

102 34 208 0 208 0 24 8.62

103 24 1191 1083 108 91 22 53.55

104 16 1238 1219 18 99 24 51.57

105 10 109 109 0 100 23 4.69

106 10 107 107 0 100 24 4.51

107 9 96 96 0 100 24 3.99

108 10 96 96 0 100 14 6.80

109 13 -- -- -- -- -- --

110 20 .. .. .. ......

111 17 .. .. .. ......

112 11 .. .. .. ......

113 9 .. .. .. ......

1 14 6 .. ..... .....
115 22 ......

116 18 ......

117 25 ......

118 22 ......

119 22 .. .. .. ......

120 21 .. .. .. ......

TOTALS 640 3832 2925 907 76 237 16.20

Total for May 78 - Apr 79 30616 Solar 5

55192 Total

Instrumentation and data recording system malfunctioned most of month.
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APPENDIX C

SOLAR CONTROLLER WIRING DIAGRAM

AND CONTROL PROGRAM
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Fiinl Solar Control Program
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II

1.0 Purpose

This User's Manual provides guidance for the routine maintenance andIrepair (M&R) of those mechanical systems peculiar to the USAF Academy's
rsolar home, Quarters 4518-I.

2.0 Overview )f House Operation

Figure 1 is a schematic depicting the locations of the solar mechai-i-

cal systems. The fundamental operation of these systems involves collec-

tion of the sun's energy as heat. The sun heats up solar collector panels

located on the roof and on the ground behind the house. A water/ethylene

glycol mixture is circulated by pumps (Pump #1 is the ground array pump;

Pump #2 is the roof array pump) through the solar panels during sunny

periods and becomes hot. The heated fluid then passes through submerged

heat exchangers in an underground concrete storage tank which is filled

with water (no ethylene glycol is in the storage tank water). This tank

is near the northwest corner of the house.

Within the tank, the heat is transferred co the water via the sub-

merged heat exchangers. When heat is recuired in the house, the storage

tank wacer is pumped (by Pump #4) into the house and through a water-to-

air coil near the furnace in the return air plenum. Air is blown across

this coil by the furnace fan. The air, heated in this manner, is distrib-

uted into the house by the normal furnace duct system. If the temperature

of the solar heated water in the storage tank is not high enough to heat

the home, the gas furnace will come on as a backup.

3.0 Ground Collector Array

Figure 2 is a schematic of the ground collector array. The piping

network for these panels has been designed to facilitate any routine

maintenance or repair that may be required.
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3.1 Maintenance and Operation of Ground Solar Panels

Twelve Revere Copper Corporation collector panels make up the

ground array. (Manufacturer's specification data is Appendix 1.) These

collectors are connected in three parallel groups of four each. In order

to accomplish replacement or repair of an individual collector, the

water/antifreeze mixture must first be drained from the applicable group

of four panels. Figure 3 outlines proper valve positions (opened or

closed) for draining, and positions for normal operation.

3.2 Ground Array Fluid Teperature Sensor

The temperature sensor located on the reverse return line (see

Figure 2) can be replaced if necessary. Close valves 14 and 15 to isolate

the section of pipe containing the sensor. Replace the sensor, then open

valves 14 and 15 to restore normal flow. (Manufacturer's sensor specifi-

cation information is Appendix 2.)

4.0 Roof Collector Array

The plumbing system for the roof array was also designed for ease

of maintenance. The roof array is very similar to the ground array with

the exception of: (1) The roof array has 14 Revere collector panels

instead of 12, (2) the roof array has no reverse return line. Figure 4

shows details of the roof array plumbing system.

4.1 Maintenance and Operation of Roof Solar Panels

Unlike the ground array, each solar collector panel on the

roof can be drained separately for maintenance or replacement. Figure 4

shows the numbering of valves in the roof array system, and Figure 5

shows which valves to open or close to repair or replace any particular

collector panel.
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To Drain for Maintenance For Normal Operation
or Repair of System

Collector Numbers Close Valves Open Valves Closed Valve Opened Valves

Entire Array 7, 9, 11 1, 2, 3, 4, 1, 2, 3, 4, 7, 8, 10,
(All Collectors 5, 6, 8, 5, 6, 13 12, 14, 15
Simultaneously)

10, 12, 13

All instructions which follow assume starting with the
complete array operating normally.

1 thru 4 7, 10, 12 1, 2, 13 1, 2, 13 7, 8

5 thru 8 9, 8, 12 3, 4, 13 3, 4, 13 9, 10

9 thru 12 11, 8, 10 5, 6, 13 5, 6, 13 11, 12

NOTE: To insure complete draining of collectors be sure to
break the vacuum by loosening or rewwing the air
vent valves.

FIGURE 3. PROCEDURES FOR DRAINING AND REFILLING GROUND
ARRAY FOR MAINTENANCE OR REPAIR

4.2 Roof Array Temperature Sensors

Absorber plate and return fluid sensors are installed but are

not used for control of the system. See paragraphs 10, III, B, 1, c and

d (page 18) for further information regarding these back-up sensors.
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5.0 Maintenance of Proper Water/Ethylene Glycol Mixture in Collectors

The fluid within the solar collector panels should be maintained at

a 50%-50% mixture (by volume) of water and ethylene glycol. The fluid

should be checked in August and again in January to insure the system is

protected from freezing throughout the winter season.

5.1 Ground Array Water/Ethylene Glycol Mixture

A sample of fluid in the ground array plumbing system may be

obtained by opening the hose bib valve on the ground array collector

loop in the basement. (This valve is tagged and is readily identifiable.)

No more than a half pint of fluid is needed to determine the percent of

ethylene glycol in the mixture by a hydrometer test. (Plastic sample

bottles are located in the basement.) If the percent of ethylene glycol

in the mixture is below 50 percent, some of the fluid must be drained from

the system and then replaced by pumping an equal amount of pure ethylene

glycol back into the system. Figure 6 shows-the proper amount of fluid

to be drained and replaced for various percentages of ethylene glycol

originally present. If the required amount of fluid to be drained cannot

be obtained from the hose bib valve in the basement, it will be necessary

to drain the fluid directly from the collectors. Refer to Figure 2 and

Figure 3 for complete instructions on draining fluid from the ground array.

Note that it is also possible to refill the ground array system either

from the hose bib valve in the basement or from hose bib valve #13 (see

Figure 2) on the ground array. A female-female connector hose is avail-

able in the basement to connect a pump to either of these recharge (i.e.,

refill) locations. After the array has been refilled with ethylene glycol

it is extremely important to verify that the desired 50%-50% water-ethylene

glycol mixture has been obtained. (NOTE: A mixture of 60 percent ethylene
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To Drain for Maintenance For Normal Operation
or Repair of System

Panel
Numbers Close Valves Open Valves Closed Valves Opened Valves

1 is, 19 1 1 15, 19

2 1s, 19 2 2 15, 19

3 is, 19 3 3 15, 19

4 16, 20 4 4 16, 20

5 16, 20 5 5 16, 20

6 16, 2C 6 6 16, 20

7 16, 20 7 7 16, 20

8 17, 21 8 8 17, 21

9 17, 21 9 9 17, 21

10 17, 21 10 10 17, 21

11 17, 21 11 11 17, 21

12 18, 22 12 12 18, 22

13 18, 22 13 13 18, 22

14 18, 22 14 14 18, 22

Entire Array 1-14 15-24
(All Collectors & 25
Simultaneously)

NOTE: To insure complete draining of collectors be sure to
break the vacuum by loosening or removing the air vent
valves.

FIGURE 5. PROCEDURES FOR DRAINING AND REFILLING ROOF
ARRAY FOR ROUTINE MAINTENANCE OR REPAIR
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glycol gives maximum freeze protection; pure ethylene glycol will freeze

nearly as quickly as pure water.) The collector loop should be allowed

to run for a few hours to insure that the ethylene glycol which was

added to the system has the opportunity to mix thoroughly with the rest

of the fluid in the system. If a test sample 's withdrawn before ade-

quate mixing has occurred it will give erroneous results. THIS COULD

LEAD TO FREEZE DAMAGE OF ALL COLLECTORS. If the fluid mixture checks

satisfactorily, tag the basement hose bib valve with the charge date

and exact concentration of ethylene glycol.

5.2 Roof Array Water/Ethylene Glycol Mixture

The roof array mixture must be checked and maintained similarly

to the ground array mixture. Samples are obtained by opening the hose

bib valve located on the roof arrrAy collector loop in the basement.

(This valve is also tagged.) If ethylene glycol must be added to the

system, fluid may be drained and glycol pumped in via the same valve.

(It is not necessary to drain the array directly from the collectors,

i.e., from the raof.) Figure 6 also shows the proper amount of fluid

replacement for the roof array. The pump iv;ed for recharging the system

must be able to develop at least 15 psi pressure to overcome the static

head developed by the fluid in the roof array collectors. Note: It is

possible, though not necessary, to refill the roof array system from

hose bib valve #25 (Reference Figure 4) located on the eastern end of

N Ithe array.
5.3 Bi-Annual System Draining

Ethylene glycol eventually deteriorates and becomes corrosive.

For this reason, the roof and ground array systems should be drained

and flushed every two years. This operation should be done during
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I Desired fluid mixture is 50% ethylene glycol and 50% water.

Gallons of Fluid to
% of Ethylene Glycol be Drained and Replaced
in System (Hydrometer by the Same Amount of

Test Results) Ethylene Glycol

50% None

45% 2
40% 4

i %35% 6

25%8
20% 9
15i% 10

10% 11

5% 12

Zero 12

FIGURE 6. FLUID REPLACEMENT AMOUNTS
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August to coincide with the annual freeze protection schedule recommended

in paragraph 5.0 above. After flushing, the water should be completely

drained from both arrays. A 50-50% mixture (by volume) of water and

ethylene glycol should then be pumped into both systems until they are

completely recharged. Remember to tag the hose bib valves of both array

loops in the basement with the recharge dates. Recharging must be

accomplished in early morning to prevent vaporization of fluid in hot

collectors. If fluid is added to hot collectors "vapor locking" will

occur. A water make-up system to add city water to each array is

installed and clearly tagged in the basement. This system can be used

to aid in the recharging operation if desired. NOTE: It is vitally

important that this automatic make-up system be turned OFF during winter

operation. If a system leak developed and the make-up system was ON,

the glycol would become diluted and freeze protection would be lost.

6.0 Underground Storage Tank

An underground reinforced concrete storage tank is used to store

thermal energy in the form of hot water. The tank is located on the

northwest corner of the house as shown in Figure 1. A manhole at

ground level permits entry into the top of the tank. Primary reasons

for needing access to the tank would be for maintenance or repair of

the heat exchangers submerged in the tank, replacement of the temperature

sensor suspended in the tank, or structural repair to the tank itself.

The tank has a 2500 gallon capacity. Most efficient solar heating

occurs when the tank holds only 1400 gallons. This occurs when the

levelometer located in the basement by the pumps reads 2' 3". This

reading corresponds to the fluid just covering the top of the heat

exchangers in the tank. Water level in the tank should be checked
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(August, January). Care should be taken not to cause accumulation of

$ K debris in the storage tank water (e.g., pieces of insulation, etc.).

This debris could obstruct the pipe which conveys the hot storage tank

water to the water-to-air heat exchanger in the return air plenum; this

obstruction would, of course, result ini no solar energy being provided

to the home.

7.0 Routine Maintenance Schedule

This paragraph summarizes the items which should be checked during

the August and January visits to the solar home.

a. Inspect the plumbing system in the basement for leaks

at joints, pump seals, gauges, valves, etc. An outside "walk-around"

check of the collectors could reveal leaks also.

b. Check for broken glass covers on all collector panels.

c. Check all pump couplers in the basement for wear. Replace

as necessary.

d. Lubricate all pumps as required.

e. Check both expan, ion tanks in the basement for fluid

penetration through the diaphragm (see Appendix 3 for the expansion

tank manufacturer specifications).

f. Check storage tank levelometer to insure proper water

level in underground storage tank.

g. Perform operational check on pressure, relief valves on

both collcctor arrays.

h. Clean out pipe strainers in basement. The collector array

loop strainers should be cleaned concurrently with the bi-annual system

draining and recharge (reference paragraph 5.3). The heat coil loop

strainer (located ahead of Pump #4) should be cleaned every August.
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i&, Obtain collector fluid samples from both arrays and check

for freeze protection (reference paragraphs 5-5.2). Add ethylene glycol

as necessary.

j. Accomplish complete collector loop draining, flushing and

recharge every other August (i.e., every two years). Recharge only when

collectors aren't hot, e.g., early morning, late evening or very cloudy

periods.

k. Check collector array loop pressures. Pressure should not

go below 10 psi gauge; water can be added to either loop through the

make-up system to raise pressure. Remember, a persistently decreasing

pressure reading probably indicates a leak. Continually adding pure

water to a collector loop will result in loss of freeze protection.

NOTE: Do not leave water make-up system on.

1. Check operation of solar controller. The Activity Light

should be blinking. If it is sunny outside, both collector loop lights

and the collector pumps should be running. Refer to the descriptions

of the controller display panel which appear in the Homeowners Manual

(Appendix 4) for further information regarding controller operation.

8.0 Extra Collectors

Extra Revere collectors are available for replacement use. They

are located in the ground array A-frame shelter.

9.0 The Solar Controller Program

This section very briefly describes how the Solar Controller

operates the heating system.

If the flat plate absorbing surface of the ground array collector

panels is 20°F higher than the water in the underground storage tank,
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the ground and roof array collector pumps will come on. These pumps

will also come on if the plate temperature is 170°F or higher, regardless

of the storage tank temperature. These pumps will remain on as long as

the working fluid in the collector loops is 40F higher than the storage

tank water. If the collector fluid and storage tank temperature differ-

ence goes below 40F, the collector pumps will shut off.

If the home requires heat and the temperature of the storage tank

water is 860F or higher, the controller will turn on the heat coil pump

(Pump #4). Forty seconds after the pump starts running, the furnace

fan is turned on. When the home reaches the desired interior tempera-

ture, Pump #4 will shut down. Forty seconds later the furnace fan turns

off.

1! the home requires heat and the temperature of the storage tank

is, or goes, below 860 F, the controller will turn on the gas furnace.

The furnace fan will come on normally after a short period, i.e., the

Solar Controller does not control the fan when the gas furnace is heating

the home.

10.0 Solar Controller Maintenance Checklist

It is recognized that most electricians are not familiar with

solid state controllers. If the controller malfunctions it is believed,

however, that carefully following the checklist below will result in

successful repair.

I. Activity Light Not Blinking

A. Insure controller is plugged into wall socket.

1. Check two plugsf

a. From microprocessor in Controller Box to
outlet box mounted on the side of Controller Box.
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b. From outlet box on side of Controller to wall
socket box. )

B. Open Controller Box and check the duplicate light on
the microprocessor marked "Activity".

1. If the duplicate is operating, replace the 4049(2)
chip on computer that serves the external LED (Light Emitting Diode)
socket. (Scotchflex connector goes from this socket to the front
panel lights.) A spare 4049(2) chip is available in the Controller Box.
If light still does not work, replace it with a spare LED available in
Controller Box.

NOTE: Always unplug computer before replacing any chips or
LED's. Replace all chips carefully in exactly the same way
they were removed from their socket. Pin No. 1 is usually
marked with a dot. If the dot is not present, Pin No. I is
located on the upper left of the notched end.

2. If the duplicate LED on the microprocessor (inside
tho Controller Box) is not operating, then you must assume that the
microprocessor has malfunctioned. Take the following actions:

a. Check the voltages on the microprocessor's
power supply unit. The correct voltage readings are indicated on the
power supply unit. If they are erroneous, this unit must be replaced.

b. If the problem is not in power supplies, then
start replacing chips one at a time (replace one, then check operation)
starting witb number 8154. One set of labeled spare chips is in the
Controllor Boy. See Note above!

11. Controller Display/System Incompatibility

* . Tf the controller appears to be functioning correctly

but the syste i is n(.t, e.g., a display light is on but the respective
mechanical de,'.e is not operating, take the following actions in order
indicated:

1. Cieck the applicable device, e.g., power supply

to the pump or fan, pump coopler, etc.

2. Replace the crydom switch for the applicable unit.
The crydom switches are c!eatl) labeled in the metal box near the Solar
Controller. (See Figure 7.)

B. If a mechanical device is on and its respective
Controller light is not on, take the following actions in order indicated:

1. Open Controller Box and check the respective dupli-
cate light on the microprocessor.

D-18



120vac CRYDOM SWITCHES nual

r0 0 0 0 0 0 0 0 'Swch.
Fan -, GA RA Thk T

P1  Pwnp PUMPK

pG  0

Scotch RFlex ,G.. 1

From _ G _"_Compute: Ga _ G

Control G -G

Manual pump switches canRA
be used as long as power
supply on computer is
working. They can be
used with a battery.
See below.

NOTE: There is a spare RA return sensor in conduit
box to the right of the switch box.

*GA GA Tank (uRA kctual IDes itdurface eturn urac ouse HOUS
_Spare _emp* Tem

Flex_
to

Computer -*

Sensor Temperature Sensor Ter. Strip I
(All outside sensors have lightning

protection on strip) I
Red - +ISV (P) |All are jumpered
Black- GND (G) )Whitel on ter.strip 3-32VWhitet- Signal (S

Suggested Fer. Batt
Tor marual oper,,tion
without computer

Switch Box (side)

FIGURE 7. CRYDOM/SENSOR BOX WIRING DIAGRAM

D-19



a. If this light is on, replace the chip numbered
4049(2). See Note below! If the main display light will still not
operate, replace it with a light from the spares available in the
Controller Box.

b. If the duplicate light on the microprocessor
is not on, then replace the 74LS374, 8154, and Z80 chips in that order.
(Replace one, then check operation.)

NOTE: Always unplug computer before replacing any chips or
LED's. Replace all chips carefully in exactly the same way
they were removed from their socket. Pin No. 1 is usually
marked with a dot. If the dot is not present, Pin No. 1 is
located on the upper left of the notched end.

III. Activity Light Blinking but Controller Malfunctioning

Many different types of malfunctions are theoretically
possible; the following represents those that are most likely to occur.

A. If it is midday on a sunny day and the collector arrays
are not functioning (i.e., GROUND and ROOF ARRAY lights not on and pump
numbers 1 and 2 not on) the following action should be taker- Open the
Controller Box and replace the following chips on the microp:ocessor in
this order: 74LS374, 8154, 2708, Replace each chip, then check Control-
ler operation before replacing the next chip. See above Boxed-In Note
before replacing these components!

B. If the Controller display lights and their associated
mechanical devices are not operating properly, e.g., pumps or fan go on
and off erratically, a pump or fan will either not come on or will not
go off, collector array pumps 1 and 2 operating at night or extremely
cloudy days, etc., take the following actions:

1. Check the temperature sensor input readings to
the microprocessor. The procedure follows: Open the metal box near
the Solar Controller and identify the clearly labeled sensor inputs.
(See Figure 7.) Take voltage readings between G and S (ground and signal)
on each sensor input line. A zero volt reading indicates that the
sensor is iputting a temperature reading of O°F to the microprocessor.
A ten volt reading indicates a temperature reading of 2550F. Volt and
temperature readings between those extremes are in a direct linear rela-
tionship, ie., one volt increments correspond to 25.5'3F temperature
differences.

a. House actual temperature reading: If this
sensor input reads significantly different from the true house tempera-
ture (55-75°F temperature would correspond to a 2.1-3.0 volt reading)
then this sensor needs replacing, The sensor i, located in the extLrior
wire mold box next to the conventional wall-mounted thermostat in the
living room. Sensor ordering information is given in Appendix 2 of 4his
manual.
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b. Storage tank temperature reading: In all
probability the reading for this sensor will fall bet'i-n 3 and 6 volts.
If the reading is significantly different than this, the sensor should
be replaced. The sensor is located in the copper pipe which is suspended
in the underground storage tank. Sensor ordering information is given
in Appendix 2. A good way to check this sensor's operation is to remove
it from the storage tank water and see if its voltage output takes on
the reading corresponding to the outside ambient temperature.

c. Ground array absorber surface temperature
reading: This reading can fluctuate widely depending upon weather
conditions and if the c.ilector pumps are running. If this sensor in-
put reads zero volts and the outside temperature is not zero or below,
the sensor probably needs replacing. This sensor can read ten volts if
it is midday on a hot, sunny day and the collector pumps aren't running.
If it is determined that this sensor has failed, there are back-up sensors
already installed and available on several of the ground array collectors.
It is only necessary to enter the ground array frame shelter, locate
another sensor's lead-in wires, and wire them up to the existing trans-
mission wire. Be careful to connect it identically to the way the
failed sensor is wired up. In addition, a spare surface sensor on the
roof array is already wired up and the output is available and labeled
in the metal crydom/sensor box. It is only necessary to disconnect
the Scotchflex wire from the failed ground array surface sensor and
connect it to the spare roof array surface sensor output. (This spare
roof array surface sensor also provides the capability to correlate its
voltage/temperature reading to that of the ground array surface reading--
if they both read nearly the same then both are probably in good operating
order.) See Appendix 2 for information on how to order new sensors for
the ground array surface. It is felt that sufficient backups are avail-
able on the ground array, however, to preclude having to order a replace-
ment.

d. Ground array return fluid temperature reading:
This reading can also show wide variance depending on weather conditions
and whether or not the collector pumps are running. If the collector
system is not running and the actual outside temperature is zero or
below, a zero volt reading would be correct. A zero volt reading in any
other circumstance, however, would indicate sensor failure. It is
extremely unlikely that a reading higher than seven volts would ever be
encountered for this sensor. If it is determined that this sensor has
failed, it can be replaced in accordance with instructions contained in
paragraph 3.2 of this ianual. Pending replacement of this sensor on the
ground array and to restore system operation immediately, a back-up has
been provided on the roof array. The wire connected to this sensor is
available in the metal conduit box located to the right of the crydom/
sensor switch box. It is only necessary to pull this wire into the
crydom/sensor switch box and wire it into the Scotchflex terminal which
was connected to the ground array return sensor. (This spare roof
array return sensor also provides the capability to correlate its
voltage/temperature reading to that of the ground array return reading--
if they both read nearly the same then both are probably in good oper-

ating order.) See Appendix ? for information on how to order a new
sensor for the ground array return fluid port.
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e. Desired house temperature reading: The source
of this reading is the thermostat on the Solar Controller. This makes
it very easy to check this sensor output. If the thermostat is set on ....
60°F the voltage reading should be approximately 2.3 volts, if set on
80°F the voltage reading should be approximately 3.1 volts, etc. It is
considered extremely unlikely that this thermostat system would malfunc-
tion.

2. If, after determining that all temperature sensors
are operational, the system is still malfunctioning, open the Solar
Controller Box and replace the following chips on the microprocessor
in the order indicated: H1818A, 741, ADC, 81LS95, 8154. Replace each
chip, then check Controller operation before replacing the next chip.

NOTE: Always unplug computer before replacing any chips or
LED's. Replace all chips carefully in exactly the same way
they were removed from their socket. Pin No. 1 is usually
marked with a dot. If the dot is not present, Pin No. 1 is
located on the upper left of the notched end.

3. If, after replacing all the chips, the Controller
is still malfunctioning refer to paragraph V below.

IV. Manual Switching of Pumps If, for maintenance or trouble
shooting purposes, it becomes desirable to turn on the collector array
pumps (pump nos. 1 and 2) or the storage tank pump (Pump #4) indepen-
dently of Solar Controller, the toggle switches on the side of the
crydom/sensor box (see Figure 7) can be used. If the Solar Controller
is outputting no power (e.g., unplugged or microprocessor power supply
inoperative) a 3-32 volt DC battery should be installed as shown in
Figure 7. This battery will provide enough power to the crydom switches
to turn the mechanical units on and off.

V. Contract Maintenance of Solar Controller If in-house
forces are unable to repair a malfunctioning Solar Controller, it will
be necessary to obtain contract maintenance assistance. A copy of this
maintenance checklist and Appendix 5 (Instrumentation and Control
System) must be provided to the vendor. It is further suggested that
the Solar Controller microprocessor not be removed from the house,
i.e., the contractor technician should check out the system in place
before it is removed.
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This catalog was prepared to provide The Revere Solar Energy Collector
architects and engineers with the nec-
essary data to design efficient systems
to collect solar energy and to use it for Since 1801, Revere Copper and Brass merous products made by this grow-
heating or air conditioning both resi- Incorporated, in the tradition of its .ngcorporation.
dential and commercial buildings. The skillful and ingenious founder, Paul The long-established and highly
technical information presented here Revere, has consistently developed its qualified Revere Technical Advisory
has been documented by experimental products and expanded its operations Service has worked closely with archi-
work at Revere's Research Center in to meet industrial demand for nonfer- tects, engineers and contractors in the
Rome, N.Y., through the performance rous metals and products In addition development of new and improved
of many Revere Solar Collector instal- to its complete line of copper and products for the building and con-
lations throughout the co, try, and copper-base alloys in standard mill struction industry. Throughout the
through many years of experience with form, Revere is now fully integrated in country, Revere copper water tubes
a wide variety of copper building aluminum from mining to mill fabrica- are the arteries of countless heating
products. tion, to subassemblies A wide range and cooling systems, both residential

The Revere Solar Energy Collector of metal extrusions, building products, and commercial The company's long
was designed as an extension of the metal foils for decorative and indus- experience with this product has been
Revere Copper Laminated Panel Sys- trial uses, condenser tubing, electrical of vital assistance in accumulating the
tern. However, the solar collector may switches and the famous Revere Ware technical data for the new Revere
De used independently forapplications cooking utensils are some of the nu- Solar Energy Collector.
such as '.eating water for swimming
pools.
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for new and existing buildings.
ARapid changes in the cost and avail- as roof and solar collector fo' the Rev-,e System of Laminated Panel

ab:lity of natural gas, oil and electricity structure on which it is installed. Construction is available from the
have created an intensive demand for The second type is a modular unit, Revere Building Products Department'

t alternate energysources.Among these fully assembled and prepiped, ready or through your local Revere Lami-
alternate energy sources, the most for connection to an existing piping nated Panel Distributor.
plentiful and least expensive is solar system. This unit, which is described
energy. In addition to its inherent ad- on page 5, may be installed on a fram-
vantages such as unlimited supply, ing system or, if installed in small
wide availability and non-pollution of quantities, on a simple support Solar Energy Collectors
the atmosphere, solar energy is a form bracket. Its aluminum casing and all-
which may be extracted efficiently with copper heat transfer components as- and Their Uses.
presently available technology. Har- sure the user of a long lasting and
nessing of the sun's power has not pre- reliable solar energy collector. Applications for solar energy collec-
viously been employed in this country Revere Solar Energy Collectors are tor, include heating domestic water,
on a large scale because of the avail- efficient, easy to install, long lasting, buildings and swimming pools, and for
ability of inexpensive fossil fuel maintenance-free, and reasonably furnishing heat to operate absorption
sources. Now high costs and shortages priced. They offer for both residential type air conditioning units. Solar
of these fuels have changed the pic- and industrial applications a practical energy collectors also have exciting
ture dramatically. and readily available mean3 to combat potential uses in commercial laun-

Revere Copper and Brass Incorpo- the energy shortage and overcome the dries, drying of agricultural produ ,:z
rated developed and has been mar- high cost of fuel. Revere Solar Energy and other industrial applications. Each
keting two basic types of collectors Collectors can heat a fluid more than of these calls for the solar energy col-
for gathering and using solar energy
-collectors that are economically 100 ° above the surrounding air tem- lector system to perform somewhat
feasible for both new and existing porature and are practical for a variety differently. An installation in which
buildings. of uses; from heating a swimming pool domestic water is heated does not usu-

The first type of collector is the to providing hot water, heat and air ally require water temperatures much
Revere Combination Roof and Solar conditioning, higher than 140"F. However, an appli-
Energy Collector, which consists ot a Both models of the Revere Solar cation for heating a building might re-
laminated panel roofing system, plus EnergyCollectorhave been developed quire water temperatJres up to 1700F.
the necessary additional components as an extension of the established Absorption air conditioning units will
to convert it to a sular collector. These Revere System of Laminated Panel require water temperatures near the
additional components Include tubes,. Construction. In the Revere Panel Sys- boiling point,whereas swimming pool
clips, tapes, sealing strips, and sup- tem, copper sheet is laminated to ply- heaters will usually function at tem-
port members for the glass. The addi- wood to make a copper composife peratures 5-20 ° above the surround-
tion of glass, insulation, and a weather- building panel Joints between the cop- ing air temperature.
proof flashing system completes the per lanimated panels are sealed with The information contained in this
installation and results in an efficient special roll-formed copper joint mem- book is offered as an aid in the design
and maintenance-free solar energy bers and high-grade sealing tape. An and application of the solar system
collector which fulfills a dual function illustrated brochure describing the best suited to fit your needs.

-
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R For new buildings

Revere Revere Combination Laminated Panel
Combination Roof and Roof and Solar Collector
Solar Energy Collector
The Revere combination unit was de-
veloped from the Revere laminated panel
system for use on new construction to
function as both a weathcrtight copper roof
and as an efficient solar energy collector.

To convert an Installation of the Revere
laminated panel system to a solar collector,
rectangular copper tubes are secured to
standard 2 fee' by 8 feet panels with cop- , I
per clips. A special high conductivity adhe-
sive is applied between tube and panel to
Insure a good heat transfer characteristic.
Tube spacings may vary from 4 inches to
8 inches on center, depending upon effi-
ciency requirements.

A specially constructed copper batten
supports one or two layers of glass or other
transparent material.

Revere has also developed simple
adapter fittings to facilitate the connection
of the rectangular tubes to conventional TV.
round copper water tubes.

On these units the battens, tubes, cover
pieces, receiver strips, headers, clips, con-
ductive adhesive, sealing tapes, necessary
adapter fittings, and paint are supplied by
Revere.

To eliminate breakage and minimize
shipping costs, glans for the solar collector
may be procured locally. Glass with low iron
content Is best for transmitting the maxi-
mum amount of the sun's radiant energy.

The standard coating used on the
Revere So!ar Energy Collector is a high-
quality, heat-resistant, flat black paint.With
proper application this provides a surface
which will absorb 95% of the solar energy
which touches It.

Advantages of How the Revere Solar Energy Collector Works
the Revere Combination Operation of the Revere Solar Energy collector plate is usually covered with

Roof and Solar Collector Collector is simple. A blackened cop- glass, or cther transparent material,
per surface absorbs radiant heat and which admits radiant energy from the

1. Low in-place cost. Since the solar col- transfers it to a fluid circulated sun, but traps any energy which is
lector also functions as a roof, the normal through tubes which are fastened se- re-radiated from the warm surface.
cost which would be assigned to the roof curely to the absorber surface. The
of the structure may be deducted from the
effective cost of the solar collector.
2. Easy Installation. The combination roof
and collector is quickly and easily installed
with only the timplest carpenter tools The
all-copper piping is joined by standard and
well-known fabricating methods.
3. Long ,11e. The use of copper for the fluid
pathway and heat transfer surface is your
best assurance of long life for a solar col-
lector system. Copper has consistently
proved its worth as a dependable and long-
lasting construction material in millions of
water tube and roofing installations. "-

4. MaIntenance-free. The collector sur-
faces expose only copper, glass, and the
highest quality sealant tapes to the 4
weather. These high quality materials as-
sure the user a minimal amount of mainte-
nance on the system. 4

I) -7 /



I For existing buildings

Revere Modular
Solar Collectors
Revere Modular Collectors are pre-
pckagad and prepiped units for use
on new or existing construction. A
mounting bracket kit is available for
resioential and small commercial in-
stallvtions, while angled support
frames are used on large installations
and flat roof construction. These units
are simple, competitively priced, and
they incor,>orate a number of outstand-
ing featurs in their construction:

Outstanding Features of the Revere Modular Collector

Simple Piping Connections Quality Components Efficient Absorbing Coating
The header ends project through the The collector plate is constructed of The standard coating used on the mod-
sides of the modular unit housing and Revere copper sheet for highest heat ular collector is the same high quality,
are easily joined by standard solder transfer efficiency and best corrosion heat resistant, highly absorbent paint
type fittings to both supply and return resistance. that is used on the combination roof
piping. The 1/2" x 1" rectangular tubes, also and collector.

made of Revere copper, are fastened For enhanced performance, Revere
Transparent Cover to the collector plate with copper clips can supply an optional selective sur-
The standard cover of the Revere Col- to assure good contact between the face on the tubes and absorbing sur-
lector is two layers of tempered glass tubes and the plate A conductive seal- face of its solar energy collector. A
which permit the sun's rays to enter ant is used between the tubes and col- selective surface is a special finish
and heat the fluid in the tubes, but lector plate to provide the highest which absorbs solar energywithahigh
prevent the heat from escaping. The degree of heat transfer. The tubes, degree of efficiency but does not re-
glass may be either low iron or on which are spaced 512" on centers, are radiate it in any significant quantities
special order, water white crystal to brazed into conventional 4" (nom.) Because of this, losses through the
further increase the collector ca- round Type L copper water tube glass are minimized and purformance
pacity. Single layer covers are also headers. of the unit is improved.
available for use determined by geo-
graphical location andtunit efficiency
requirements.

Insulated Housing
Insulation for the modular collector
unit consists of 3/2" of fiberglass be-
neath the heat absorbing surface and
1" of rigid urethane on the sides of the
casing. Corrosion-resistant aluminum
is used to cover the structural frame- "4 ,
work for the unit.

Flexibility in Construction
On special order the number and spac-
ing of the tubes can be varied to best
suit individual requirements. In like
manner, the tube circuiting and type of -

5 transparent covering can be modified " "



Applications of Solar Energy Collectors

The most common applications for to reduce the necessary water quanti- Swimming Pool Heating
Revere Solar Energy Coll, jtors are ties and keep tube sizes (and piping Soiar collectors can be used to ef-
domestic water heating, space heat- costs) to a minimum. fectively heat swimming pools. Revere
ing, air conditioning, and swimming Storage tanks for domestic water manufactures a s wimming pool
pool heating. heating applications are usually sized heater, described in a separate pieceto hold between 11/2 and 2 gallons per hetrdscbdinaepaepee
Domestic Water Heating active square foot of collector surface, of literature, which uses the same ba-sic tube and collector plate assembly
Although domestic water requirements as the Revere Solar Collectors previ-
will vary widely, 20 gallons per person Space Heating ously described. The basic swimming
per day is the usual daily hot water Collectors for space heating should be pool collector, which does not require
requirement for residential usage. mounted at angles of inclination to a glass cover, should be used to heat

A combination of lower solar radia- favor the months of November through pool water aDoroximately 5-10 degrees
tion levels, plus lower water and air March. Forthebestoroptimumslopes, higher than the surrounding air. For
temperatures, makes the winter heat- refer to chart on pago 8. As with do- applications where a greater differen-
ing requirement from 2 to 5 times mestic water heating systems, in some tial between swimming pool water and
greater than the summer requirements. areas it will be necessary to provide surrounding air temperatures is re-

In the southern United States, two for drainage of the system in cold quired orwhere pool heating is desired
collectors per 4 or 5 person family will weather, c.r to use antifreeze in the on a year round basis, collectors with
normally supply most of the domestic collector piping. a single glass cover may be used.
hotwater. For applications in the north In a self-draining or "dump" type A solar collector area approximately
or for larger families, It is customary to system, It is imperative that all piping equa to 50% of the pool is used in
add one to,three additional collectors be Ditched properly so that no pockets many cases, although smaller amounts

In areas not subject to freezing, in- of water are left in the system. have been used in geographic loca-
stallations can usually be piped di- Cross connections between the tions of high solar insolation.
rectly into the domestic water heating potable water system and the, antl-
circuit. However installations in colder freeze loop of a solar collector system Heating and Air Conditioning
climates will require a circuit which should be eliminated to prevent the
uses an antifreeze solution or includes contents of the two from Intermixing. In most installations which use solar
provision for emptying the circuit man- An automatic water make-up valve collectors for both heating and cool-
ually or automatically ir' the event of should not be used in systems em- ing, the air conditioning requirenents
freezing conditions. ploying antifreeze since over a period will be greater than the heating re-

Supply and return lines should be of time this could result in dilution of quirements. For this reason, the inch-
well insulated so that most of the heat the antifreeze and possibly lead to a notion 'f the roof or solar collector
obtained from the system Is retained system freeze up. bank w i usually be tailored to fit the
and transferred to the storage tank. Pumps which circulate antifreeze air conditioning requirements rather

Domestic water heating systems solution should be sized so that they than the heating requirements.
may be divided into two classifications. can handle the additional load caused This can usually be accomplished

by increased viscosities of antifreeze w,mnout incurring any significant losses
solutions. in the winter heating capability of the

1. Grvty-In gravity systems no pump For space heating, the collector is collector system. The chart on page
is used tocirculat the domestic water. usually sized between 30 and 50% of 8 gives at indication of the los, in
Itthe floor area of the building, although heating capacity for collector inclina-caused when the fluid in the solar col- smaller areas may be practical in very tions other than the optimum for win-
ectors becomes warm due to sunlight well insulated structures. The area o! ter heating. The most common method
shining on the collectors. The hot the collectorwill varyaccording to the of air conoitioning with solar energy
water, whth is less dense, rises into geographic Iocation of the installation, is by means of absorption-powered

storage tank. In applicacons of this the insulation in the house, amount air conditioners. Depending upon the
type, it is important to place the stor- of window and door area, and the efficiency of the unit and the solar in-
age tank at least one foot above the overall efficiency of the collector. tensity from 250 to 330 square feet of
top of the solar collectors, to irsulate Storage tanks for space heating are collector surface may be required perthe supply and return lines well and to Stoage t o spaceeng are nominal tonof airconditioning.The use
place a check valve in the supply line commonly siz e o o etwe a of solar collectors to drive absorption
to prevent reverse circulation during tgallons per square foot of colloc- airconditioners requiresfluid tempera-
cold periods. In addition, it is impor- tar surface. The iteror surfacce of the tures indthe neighborhoodof 190-210F.
tant to oversize the lines between the wire protected to prevent corrosion For this reason, it is again important to
collector and the storage tank and t epoetdt rvn orso insulate carefully and to the greatestpitch them properly to prevent airbid- over extended periods of use. exte carefully asible.For collector installations of several extent eccnomcally feasible.ing or reduced circulation, hundred square feet or larger, it is usu-
2. Forced Circulation-Circulated or ally advantageous to circuit several Heat P-mp Systems
pumped domestic water heating sys- collectors in a series. If the installation Solar collectors may be used as a
tems are similar to conventional hot is a combination roof and collector heat source for heat pump systems in
water heating systems in their piping type, tube lengths up to 25 feet and which the heat pump will transfer heat
layout and pump sizing, except for any cirtuit lengths upwards of 25 to 50 to a storage tank This hot water ;n the
differences in pump selection made feet can be used. This has the effect tank can then be used in periods of
necessary by the use of ethylene or of minimizing flow quantities and pip- cooler weather for space heating The
propylene glycol. Pumps which circu- ing sizes while not penalizing the sys- advantage of this type operation is that
late the domestic water should be tem performance air condit,oning and heating are pro-
bronze. For residential applications, In designing solar energy heating vided by a single unit, with solar col-
a 3/" (nominal) supply and return line s stems, use the lowest practical fluid lectors increasing the efficiency of the
will be sufficient for 2 collectors,while temperature which can heat the struc- heat pump system As heat pumps be-
a 1," tube can supply up to 5 collectors ture. Systems which make use of low come mor3 efficient, and energy costs
piped in parallel. For larger systems tempeiature fluids, such as radiant continue to rise, this type of applica-
and commercial installations, the col- heating systems, are especially good tion, illustrated on page 10, will be-
lectors may be connected in series applications, come increasingly more common.



~Design suggestions

Design Suggestions for drops or high temperature rises within per user as a minimum, with 30 gallons
a Solar Energy Collector each circuit, of water per user a preferable figure.

The !ollowing suggestions are offered M Avoid "short circuiting" or unequal N For domestic water heating an opti-
to aid in the design of a smooth func- water flow. Include balancing valves mum cellector size is approximately
tioning, economical solar energy wherever possible tc permit proper 2/3 square foot of area per gallon of
cnllector: system balancing, water storage.

0 Where possible, design a collector N Provide air vents at high points of * For spane heating of residences
for muiple use and make it an integral system. and small commercial applicationspart of the building-collector and roof,
fascia or curtain wall combined. r Avoid water velocities greater than the collector is commonly sized be-

4 feet persecond In the collectortubes. tween 30 and 50% of the Internal floor
0 Make piping network and roatrol area.yteassimple as practical. U Follow manufacturers' recommen-
Rystem a dations in the selection of pumps and N For space heating of large com-
* Insulate piping and collector well heat exchangers for use with anti- mercial applications, collectu;r areas
to minimize heat losses. freeze solution, less than 30% of the ;rternal tioor area

can still provide significant heating
I Keep circuits at reasonable lengths U Size domestic water heating stor- cost reductions.
to prevent excessive head pressure age tanks to hold 20 gallons of water

Typical Solar Space Heating System.

INSULATE ALL PIPING

LINE CURRENT------. /
(-20 V-60 CY)

- ___INSULATE STORAGF T ,'



Design • Yield * Spacing

Design of Solar Maximizing Solar Yield Reduced Heating Capacity
Energy Collection System To obtain the greatest solar yield from due to Collector Angle
Local weather conditions can greatly a solar collector ;t is important that the The curves below indicate a reduction
affect the amount of solar, energy collector be oriented correctly The in capacity during the heating season
which can be collected. The ratio of best direction for a solar collector t(, due to collector angles which vary
clear, sunny days to cloudy days is of face is due south, 't a slope perpen. from the optimum angle by being too
greater importance than temperature dicular to the sun's rays. Small varia- steep or too shallow.
variations. A cool region with a large tions from a due south direction will
number of clear days could have a not affect the capacity greatly, but if CAPACITY LOSS DUE TO
greater potential for collecting solar the unit orientation is to vary more than COLLECTOR ANGLE
energy than a warm area with a large 45" from due south, an analysis should 0
percentage of cloudy days. be made to determine the loss in unit so

The solar potential of an area can capacity.
be evaluated by referring to solar in- The position of the collector must , 4 1 ,
solatlon maps such as those issued by sometimes be a compromise between 10 +

the U.S. Weather Bureau. Any such the optimum collecticn angle and the 3 ;
evaluation should consider seasonal roof slope of the building. Since the 4 30

* variation in both solar input and re- optimum collector slope varies with 4 id-
quired unit output. For example, a col- the latitude, season and applcation a < -
lector used forheatingabuilding would designer is referred to the adjacent

require maximum output during winter, chart for the optimum slopes for solar
whereas acollectorusodto heat water collectors used for various installs- 4
for domestic use would require a rela- tions in different locations 30 .
tively constant output all year. 70 20 itd 30 4nsall 50o

The adjacent charts give solar inso- S 'w - il i
latlon values for applications which 0 i RdcdHai a'~<O I*, :I Reduced Heating Capacity
are primarily Summer, Winter and year- . due tIPo g C e
round respectively. i 50 due to Poor Collector

RELATIVE SUITABILITY 0 4 . Orientation
FOR SOLAR ENERGY COLLECTION ww 40 Due to building orientation and sun

a _0 , P1, obstructions, such as trees, it is not al-
to .ways possible to have solar collectors

face the best direction. Optimum fac-
u)o 2J lltt, . ing is slightly west of south due to the

o. M hipher afternoon temperatures and00 slightly higher solar insolation values
IT Cates the approximate reduction in ca-

20 30 40 5o pacity due to collectors which faceLATITUDE (DEGREES) away from due south Note that the
SLAIM! R OPTIMUM COLLECTOR SLOPES vs. LATITUDE$ reduction is not appreciable for col-

Curve 2-Angle for maximum year-'ourd insolation away from due south.
Curwe 3-Angle for maximum %init irsOllaion

Minimum Collector Spacing b CAPACITY LOSS DUE TO MIS-ORiENTATIONWhen collector banks are set in back 0. f. Iv;';;.....•, . ", , "'""" m

of one another, low winter sun can I,cause shading and loss in capacity ... .... .
unless the units are carefully spaced. 2 ,...,

The table below gives a minimum spac- I
ing between rows of collectors which
are installed vertically

SPACING BETWEEN ROWS 0 .. LTToEo'
TO PREVENT SHADOWING (FEET) 0 LATIUDE OF......-.

VERTICAL COLLECTOR6COLTR

Collector U
Angle of Latitude of Inistallation (
Installa- mtaon 30 35 40 45 : - " :

30',- 9.9 111 12.6 13.7 12 .... i

45°/ 10.6 122 14.4 160 0 1o 20 30 40 50
I MIS ORIENTATION ANGtI (ANG(fE

60'/ 10.7 126 154 17 2 B3 TWEEN DOF SOUTH AND DLCTON
.. .. . WHI THE COL_[CTOR FACES)

E)- 31



Solar Energy Collector Ratings

Determining SOLAR ENERGY COLLECTOR SYSTEM RATINGS
Collector Ratings 3 TUBES PER TWO FEET WIDE PANEL
The adjacent graphs give approximate In- 1: *:J'I- :IGASS CVE
stantaneous ratings for the Revere Solar ..... Tranamance .88
Energy Collector. The use of these ratings, ?c
in conjunction with records of solar Inso--
lation values such as those available from SOLAR NPUT

the U.S. Weather Bureau for the geograph- SOLAR INPUT

ical areas under consideration, will enable ,..---- ------ FT

the user to obtain estimated yearly panel .I

Inputs. The curve on the bottom right ap-8- - -

proximates the capacity of the modular-- -

collector units. o5 E A25 i
0 25 So 76 15 150 175 0 50 00 ISO 200 20

E m leWATER TEMPERATURE MINUS AL481ENT J*FI PANEL CAPACITY ISTU/HR/SO FT I

A total system capacity of 250,000 BTU/hr. 20 Trasittanc -L

collector system with an average panel so - -- -

water temperature of 1209F, a solar Input s
of 250 BTU/hr./sq. ft. and an ambient tem-t4
perature of 800F. The panel configuration 40 SOLAR INPUT ~ 'SLAR INPUT

UR/So FT -/ C /HR/SO FTthat meets these capacity requirements 3

can be determined as follows:
Required .250,000 = 125 BTU/hr./sq. ft. -0--
output -2000 -- ~5 . 55 0100

Required -Output -125 -50% WATER TEMPERATURE MINUS AMBIENT I'FI PANEL CAPACITY (6B HR/S Ft I

panel eff iciency inpu t 250 SOLAR ENERGY COLLECTOR SYSTEM RATINGS

Average panel water temprorature minus 4 TUBES PER TWO FEET WIDE PANEL
ambient temperature = 120-800 = 40* 1 GLASS ICOVER]-

70 Transmilttance sAt the above conditions, a panel with tubes A Ij
8" on centers and a single glasa cover has V I

output of 130 BTU/hr./sq. ft. If higher ca-
pa~te wer rquied a unit hain either ',4SOL AR ,NPUT ~ ~&SOLAR INPUT

_ wer\t BTU/HR/SO FT ?AB/HR/SO FT
single or double glass and tubes 5%" on 30_-
centers could be used. WLz . lzj

THE TABLE BELOW SUMMARIZES AVERAGE 0 25 50 75 V0 12 50 17! 0 So 00 150 200 250

COLLECTOR EFFICIENCIES AND OUTPUTS WATER TEMPERATUR4E MINUS AMBIENT OF) PANEL. CAPACITY (BTU/HRISO FT I

FOR VARIOUS APPLICATIONS. -'-- - - -1i- -- --

2 GLASS COVERS

Application Solar Input Season Avg Ell AY. Ou ut. TrIfrilnil,

Swimming Good 60 120 ,N,
Pool$ Very Good Summer 70 175 6

Good Summer 50 100
Domestic 40-

4 0SOL/ R SoLAJJT iNSOer y Good 45on-Summer BTU/Iq/6O FT ?~ T/ HA/.SO FT
Wa e ry Good No-umr 50 125 30 -

Good 40 80 -420
%Very Good Spring/Fall 45___ 115J

_____ Vry aoo Winter -- '_____ 350 90_A_ - . .

I Solar rput- Good -200 BITU/Hr /Sq Ft WVATER TEMPERATURE MINUS AMBIlENT *F) PANEL CAPALATY IBTU,1iA SO IT
9Very Good-250 ISTU/Hr /Sq Ft THE ABOVE FIGURES APPLY TO THE HEATING OF WATER



. Piping System Design
. .:

Piping design for solar energy collec- agetank.The antifreeze isthen passed KEY

tor systems does not vary areatly from through a heat exchanger where the A " AUIAY EAT SURCE cAlING OR

conventional heating systems. The heat is extracted and transferred to = INSULATIN COMNG CO L

main difference is the fluid used in the water which is pumped to the point of AN

collector circuit. In areas where the use. HEAT I c.NGE.

temperature may fall below freezing The diagrams below show simpli-
an antifreeze solution should be uted fled piping configurations for a num-
in the collector pipes which gather the btr of different solar energy collector pu CONT VAV

heat and convey it to an insulated stor- applications.

HEATING DOMESTIC WATER HEATING

412

HEATING A. DOMESTIC WATER HEATING, AIR CONDITIONING & DOMESTIC WATER

SWIMMING POOL HEATING HEATING & AIR CONDITIONING WITH HEAT PUMPS
10
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Revere Copper and Brass Incorporated

Collector Piping Design and rate approximately the same as 4" In the Revere system the collector

Use of Antifreeze (Nom.) Type K copper water tube. plate surface, tubes, clips, fittings and
battens are all 100% copper and are

Ethylene glycol, the most commonly Materials for compatible with copper or other dis-
used antifreeze, is slightly more dense Solar Energy Collectors tribution piping materials.
and has a lower specific heat than
water. As a result, an ethylene glycol/ Revere's Research Center has gener-
water solution holds less heat than a ations of experience with many mate- Types of Circuiting for

corresponding amount of water. The rials. After thorough analyses of awide Solar Energy Collectors
following equations will aid in the com- variety of metals and non-metallic ma- In general, piping layout for a solar
putation of heat content and friction terials, we came to the conclusion that collector follows the same concepts
pressure drop for different ethylene copper has the best combination of that govern any piping network. Sev-
glycol/water mixtures. properties for solar energy collectors eral types of circuiting layouts which

for these reasons: may be used for different applications
BTU/HR = GPM x (Ent. fluid temp.- are illustrated below.
Lvg. fluid temp.) x 500 x C N Copper transfers heat best. Cop-
Friction pressuredrop -pres. dropfor per's heat transfer values are two to
water x frict. correction factor. eight times better than any other ma-

terial considered for collector plates.
ETHYLENE GLYCOL CORRECTION FACTORS U Copper resists corrosion. No otn,,r G ID

Friction Correction metal has a better record of long-term
% Temp. Factor (For Equal corrot:on oesistance than copper.

Glycol ('F) C Flow Rates)

100 995 1.00 M Copper is easy to Install. The use
200 .975 1.00 of solder fittings, familiar to the trades.

25 100 .s66 1.05 Insures f&st, simple, Inexpensive In-
200 .944 -.96 stallation. With the Rbvere system

so 100 .3o 1.10 there are no expensive or complicated
20 820 .92 joining procodures. SPLIT GRID

Note: Do not use an antifree'e solution with -Copper stay* strong. High temper-
greater tnan 60% ethylune glycol since this
may result In damage to the iystem. atures, such as 2109F water, do not

cause any ignificant loss of strength.
Tube slzin6 and pressure drop calcu-lations for 1'ne remainder of the system N Copper requires no Inhibitors. Other

are calculated in the same manner as materials need iahibitors, which re-
in conventional heating systems. quire periodic replenishment, to pre-

The rectangular collector tubes have vent corrosion. Copper does not need
an internal area and pressure drop such inhibitors.

GRID-SINUOUS

SIN1I US

43



Revere Copper and Brass Incorporated
EXECUTIVE OFFICU31 105 Third Avonue, Now Tork, NT, 1001
Phone: 687.4111 Area Code: 212 Teletype: 212.640.5298 Cable: REVERECOP-New York

telephone no.

tildiUg Poducts DOPt P.O. box 151, Rome, NY, 13440 . .................. 315338.2401

GIS8U'd 0MOO P.O. box 191, Rome, NY, 1344s,............ (Teletype: 510.243-9233) 315.338-2022

R rcih Wad D.Yd |Im Coster. P.O. box 151, Rome, NY, 13440 ................ 315.338-2022

269141W sa 0010"
Midwest Region-2200 North Natchez Avenue, Chicago, IL, 60635 ................. 312-637.2600
,Northeast Region-P.O. box 151, Rome, NY, 13440 ...................... 315.338.2022
Southern Region-P.O. box 19835, Station N, 1310 EL:worth Industrial Drive, N. W.,Atlanta, GA, 30325 .................. ..... .. 404.355.9810
Western Region-P.O. box 3246, Terminal Annex, 6500 East Slauson Avenue,

Los Angeles, CA, 90051 .......................... ................ .. 213.723-3331
9dkid Ma WO.m

Atlarlia, GA. 30325, P.O. box 19835, Station N, 1310 Ellworth Industrial Drive, N. W.... .404.355.9834
Charlotte, NC. 28203. P.O. box 3482 ...... ..... 704.372.2992
Chicago, IL, 60635, 2200 North Natchex Avenue. .... .... 312.637.2600
Cleveland, OH, 44107. P.O. box 2656, Lakewood Dr., 14714 Detroit Ave ........... .216.521.2440
Dallas, TX, 75247, P.O. box 47087, 8320 Chancellor Row .......................214631.4090
Detroit, MI, 48209, 5851 West'lefferson Avenue .......................... 313.841.7350
Los Angeles, CA, 90061, P.O. box 3246, Terminal Annex, 6500 E. Slauson Ave ....... 213.723.3331
Louisville, KY, 40207, 9200 Shelbyville Road, Suite 603, P.C. BuA ?326 .............. 502 425.1065
Memphis, TN, 38137, Clark Tower, Suite 301, 5100 Poplar Ave .................. 901.767.5460
Milwaukcee, WI. 33216. 4222 West Capitol Drive ... ....................... 414.4420430
New England Diutrict Sales Office
Now Bedford, MA,02741 P.O. box B.975, 24 North Front Street ......... 617.999.5601

Now York, NY, 10016 605 Third Avenue, New York 212.687.411
Long Island-Call ... ................. 516.567.1800

P ahNow J PA1y- 0l .. .... ....... ..... .......... ........ 201.672-5400
Philadelphia, PA, 19010, P.O. box 331, 21.477.8326

14 South Bryn Mawr Avenue Bryn Mawr, PA..............................21.27.2550
Pittsburgh, PA, 15228, 666 Washington Road ............................ .412.561.8606
Rome, NY, 13440, P.O. box 151, Seneca Street ............................. 315.338.2523
St. Louis, MO, 63144, 2645 South Hanley Road .......................... 314.645.6850
San Francisco, CA, 94010, 851 Bnrlway Road, Burlingame, CA. .................... 415-3470751
Seattle, WA, 081C9, 314 Fairview Avenue, North .............................. 206.6221401
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TEMPERATURE SENSOR INFORMATION

There are two types of temperature sensors in use on the solar

home. Both are available from Relco Products, Inc., 5594 East Jefferson,

Denver, Colorado, 80237. Their telephone number is (303)756-1143.

The first type of sensor is used to detect the temperature of the

absorbing plate of the ground array collectors. This type is also used

to sense the actual temperature of the home's interior. This latter

sensor is located in the exterior wire mold box located next to the

conventional wall-mounted thermostat in the home's living room. This

type of sensor is Model #1710.

The second type of sensor is used to detect the collector fluid

temperatures and the storage tank water temperatures. This type of

sensor is Model #1068.

The following requirements must be adhered to when ordering

replacement sensors:

Model - 1068 or 1710

Sensitivity - 100 millivolts/°C

Full Scale Temp - Positive 125 0C

Output Voltage - +lOV

Supply Voltage - +15V

NOTE: The syster will run incorrectly if sensors are installed

that output different voltages for a given temperature than those

currently in use.

t,-[



TEMPERATURE TRANSDUCERS
3115 CABLE CONNECTIONS g,

Shield- CaseitP .3

Red + Y- Inpu

A "'''MODEL 1710
MODEL 10351

300* .S11 --.. E0031 4

*PEC PIC A IO NSPIN CONNECTIONS
ELECTEIACALN I. Signal Out

4. Common, Grid

Riengs Any range between -75 and +140 -C (-100 to +285'F) The transducer may he operated continuously at cold temperatures down to
100 C and intermittently up to +1 50"C

Sensitivity Any sensitivity up to 200 rnillivolisf Celsius i 1 mvfF). Tolerance on the slope is ± 2% hut can be trimmed to enact value with
external circuitrv, See application notes

Full Scale Output Voltage Full !rcale output voltages up to +9 volts may be specified. Tolerance on the F.S. output ± 2% but can be trimmed to exact value with
external circuits

Output Impedance The transducer output or source impedance ranges from 4000 to 5000 ohms.

Load lmpiciance Thil transducer is diisigned to operate into a standard external load of 100 kohms ± 1%, Esternl loads ranging from 10 kohms and
greater may be specified.

Time Constant Model 1063 10 seconds, Model 1068 15 seconds, Modal 1710 15 seconds
(Notea)

Linearity 15t% of span -35 to +110 I I O' of span -60 to +1 30'C
(Note b)
Stability I tC over 90 d.iys

Accuracy The transducer can be calibrated at the factory to ar accuracy of ± I C within the span of -40 to +1 10'C The minimum calibration
point always starts et a transducer output of > +1 volt

Supply Voltage I15 vdc t 03% is standard Transducer reference is derived from the supp~y and if maximum accuracy is not required, a luiger
tolerance on the supply voltage is permissible

Power Consumption tO to 25 milliwasts typical

Self Heating Error .004'C per milliwvatt power dibsopatiorn typical with the transducer mounted in place.

NOTE a Time Constant, The time required for a 63% response to a stop change tram 24 t4'C tol an oil bath ( ;zuu IOu. 15~e CTSI( at 76 =4-C and flowing at 3 fps
transverse to tihe sensing surface is lest than lhe figure given The in service response miI depend upo how it is mounted-and the oin.%owant in which it is used

NOTE b The maximum error incurred when the best straight line fit is used to approximate the transfer charsacteiistic is as specified For transducer models using a vgie) positive
supply voltage, the straight line fit is between 20% and 100% of full scale output

NOTE 2- Snider cup for a maximum wire siue of one No,

NOW TO UPE1111111111C 1111i t~ 20 W

To order, specify the model number, required sensitivity in millivolts per degree Calis, full scale temperature int degree Celsius together with sign, full scale out.
put voltage, and supply voltage. In addition, specify any special requirements such as load impedance

1710 S050 P100 5 (15V)t L II4.0
+L supply voltage in parentheses Example, +15 VOC

S full scale output voltage. Example, +5 VOC L~O- - - - - -

Dash
Full scale temperature in degrees Celsius go-- --

P for posilive Nd for negative, Z for zero,
Sensitivity in millivolts pei degree Celsius. 10 - - - - - - - -

Model des gnat ion TMPERATUREC

"'LOO PRODUOTS, WNiv (303) 756-1143 0 20 40 CO 0 o 100

b594 EAST JEFFERSON 0 DENVER, COLORADO 80237
U S PATENT 3.708,755n

Prices Model 1063 $19.50 Model 1068 S245Oodel 1710 $24.WO dd S15.00each for factory calibration Quantity discounts available



SOME TYP!CAL SOLID STATE TEMPERATURE TRANSDUCER APPLICATIONS

INTRODUCTION: This note describes four applications employing Solid State Temperature Transducers similar to the ones
described in Electronics

1
. The three models covered by the spe.ification are complete self contained units having the

sensing transistor, bridge and feedback amplifier packaged together as a single complete system.. Connections are by
three terminals, +15 vdc, common and output signal. The signal appearing between the signal and common connections is
a voltage which linearily incieases with increasing temperature. The rate of increase and the voltage at full scale
temperature are fixed by internal system resistors,, therefore, these parameters must be specified when ordering. Due
to the fact that the entire transducer s',stem is exposed to the sensed temperature, the temperature extremes and some
performance parameters are slightly different from the sysremu dcscribed in the referenced article.,

ENVIRONMENTAL MEASUREMENTS: A number of current applications involve gathering temperature data accurate to +.l1C with
a resolution of .01C from the ocean and atmosphere. Sea water measurements for the range of -5 to +351C use a transducer
having a sensitivity of 100 mv/"C and a F.S. voltage of +5 vdc at +35*C so that the output ranges from +1 to +5 volts,
The linearity of the transducer makes system calibration simple as only three points are required, i.e, 0 and +35*C with

a third point at 20*C for a calibration check.,

PRECISION LABORATORY OR CLINICAL DIGITAL THERMOMETEF; A low cost accurate and stable digital thermometer can be constructed
by using transducers having a sensitivity of ten millivolts per degree. The circuit of Figure A is designed to both

minimize the power supply sensitivity and provide bipolar temperature readings. For the C scale, the designated transducers
have an output of 4.5 V at OC. A digital panel meter measures the transducer output with respect to 4.5V displaying
magnitude and polarity with the least significant digit representing .il. Calibration is accomplished by first placing
.he transducer into an ice bath (0"C) and adjusting the zero potentiometer for a display of 00.0., Next the transducer
is placed into an oil bath of approximately +100*C and the gain potentiometer is adjusted to provide the correct display
as dtermined from a reference thermometer. This system can provide temperature measurements accurate to +.20C over the
span of -40 to +120*C. The construction of a Fahrenheit scale digital thermometer is the aN except that the reference
level is 5.63 V. Note that transducer part numbers are specified in terms of the Celsius scale and 10 mv/*F is equal

to 18 mv/C.

Experimental clinical thermometers for the span of +25 to +50*C and having an accuracy of +.051C have been tested
using tr4nsducers with a sensitivity of 100 mv/*C (i.e. Models 1063S100P50-6 & I0689SOPSO-6)., The circuit of Fig. A
was used except the reference was made +1 V and the inherent stability of the regulator circuit shown was relied on to
minimize transducer power supply sensitivity. A 4 1/2 digit DPM was used in this application.

TEMPERATURE CONTROLLER: The proper development and printing of color photographic materials is critically dependent upon
the temperature of the chemical baths. Figure B shows the schematic diagram of a temperature controller which when used
witn the circuit of Fig. A provides an ac,-uratc control of chemical bath temperature. The only change in Fig. A is that
the "Nigh" input to the DPM goes to a SPDr switch and then to point "C", The temperature met point is adjusted by
switching the DPM as shown and adlunting the temperature se, point potentiometer for the desired value as indicated by
the DPM. When the bath temperature tail, below thn set point temperature the comparator output driver operates an optical
coupler which in turn actuates a Triac and causes the heater to be connected across the AC line. A light emitting diode
provides visual indication of -nntr ' - operation.

LOW TEMPERATURE ALARM A frost warning alarm for a fruit orchard was constructed by replacing the heater in the above
controller with an audio visual alarm syitem. The actual installation dispensed with the DPM and used a D'Ar%onval -et r
to indicate temperature., Also the set-point potentiometer was replaced by a set of fixed resistors and the alarm
temperature was selected with d rotary switch. It should be noted that by interchenging the connections to Dins I and 2
of the I1 comnarator one can change the ciicuit into a high temperature alarm.

CONCLUSION: The transducers covered by the specification use discrete components to obtain reliable operation over the
maximum range of -100 to +150"C. The output impedance is relatively high therefore unless another value is specified,
the transducers are constructed to orerate into a fixed external load of lOOK. Loss of output caused by smalier loads
can be made up by an external amplifier as is shown in Fig. A.

"'Robert A. Ruehle, "Solid-State Temperature Sensor Outperforms Previoue Transducers", Electronics, March 20, 1975,
Vol. 48, No. 6, Pa-j 127 - 130, McGraw-Hill, 1221 Avenue of the Americas, New York, New York.
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ri TEMPERATURE TRANSDUCERS
DESCRIPTION

Tee aluorsn traducere we ill W sl at dev1u whicl UeeaeuiloaIrMW" 11aervheivunpmrteseeoorsediIna proprrircbutmdeupOfaslf.diutingdgudeedhM

Wom hed sillls~tueaw u nvnte atndl Predeleinte end i ueucgl n ierc aaWW pplicatonweeith il ioey n arice alleCn~wu utsetlmbt
a"ces temperatuoo - %* jhresins~ 6- catsteINWV. Mees8urement of cold strW I*empereturee in a supernherkt; MdOM"orn the tnperature of oW well logn

IncijuMel pedals. MW griA ;W" aopnlt re uMe inclsivey Iorela I I estoin over the Spa of -100 1* .ISVC

bA oe irra ledeeg we complet@ we k sf n - sAupplafi high WMe signal diretly to, recordh n control ineirumeief ilhi editoatexirnalernl

Mede fe Wel.Igg YMI~ ad tWA ar oefeclt kW*Wlsdeldflrn only in peceg a Oft ISIA iseg~elia purpoes looeepoxy uniL Usdd 1gM Ihoueed in aeealnteseecae

idenel ic aconeso. Thee.fumoels deu ol I nenl relence frm the supply volag and require en accuraee wie fr~lae power sup*l F"gw 1, shostyplcel pplleton

MelwIsuhes.vitolt reeec be no k ftheunl sVo ta tcnbeoperatd fomswiunreglaedpowersupl This eferencev~lee eveleie~tvenerduoerfrusebyowpcwsrsina
condibonin modules such n vOleg Io frequency conves
MOM5 AN prole a currel W outu orreponding to t Indust rialved of14 to20 milkameem This unit Is for use in two wire Iytme Such 0 shown In FOIg 2 We s re c3tor e
precision control itrfac foir use with model 420

'MfOMer A.Rhde. 'tolilitaetemeature- -ee OutporkmsPrevousTrsndums." lisctonimc. ml 0,IS, Volume46.No. f page 27.20McGra4w-hll.121Assnuof th
Afferia. Nsw York, New York

2 Ptentled. 1..11 V,061111. Cenad ggs. 0g,1,372,917. U. e nd foeg patnt pendng
3 "Llneer e Oa oo.- Natlonsionimcondticlor Corp. WUit Clare, Ceiorle June IS7e. P 2.4

SPECIFICATION$

Me 1112: 11.:;:11A IiftA:. Moe" 1101111nd.25C 4 ad

MM Any rang# between -100 and .150OC (-150£Ayrnebt 5 n +20 4 n 27F

intermittently up to .IWC

AC ±AY v% F S. or +,SIC. The transducer can be factory calibrated to an accuracy of t.1IC within the 1 ±% F S or +14C, The transducer can be
span of -4 to +1101C The minimum calibration point always starts at a transducer output of factory r~itirated to an accuracy of t 31C

7volts within the span of -400 tlo 1C.

UNSATY t 15% of span-35 to +1104C, ± 3%ofsa-Oof span f spa -35to 1 C; 1 3% of span -55 to +1254C
PM 21 to +1309C

OUTPUT OW~tl A liagr voltage which Increaes with increasing temperature ranging from zero volts up to the A linear current which increases with in-
full scale Value Specified (Note 3) creasing tamperature ranain? from 4 ma atM0

of spin to 20 ma at 100% of spin

KuINTIV Any senitivity up to 250 millivolts per deWs Celsius may, be specified (130 mv10Fl Any sensitivity between 0 & 320 microam-
__________ _____________ ptrusPC (44 1117Sua/0F) may be specified

111111111111111 FLL V supjly V out max + 5 Volts 20 milliamperres
KAU OUPUT 1 +1

peW? *12 1 9
+10 .75
.5 25__ __ _ _ _ _ _ _ __ _ _

SUMPL ILTAU Standard. .15, #12, +10 and +5 volts. t 1% .15 V unregulated nominal, +24 V unregulated nominal.regulated Optiomal Any regulated voltage +.12 5 V minimum, +30 V maximum .12 5 V minimum. .35 V maximumfrom +5 to +25 volts, t1. &(Note 4)

OUTYPUINN= a91 U2 ohms typ, 10 ohms minimum, 35 ohms maximum The transducer is a current source with a high
source inmpeac

LiiIM UIU The maimum current drawn from the transducer should not exceed 25 ma to minimize salt Sao Figure 24& Reference 3
MeatN errors.

TNi UU1111611T 10811A 10 seod, IWSA IOUA aid 1710A 20 seconds 25 seconds
OWNe is seconds

pgMn a 10oto2milliwattsty I to 35millwatstyp 15 to 230 milliwatts typ
__ _ _ _ __ _ _ _ __ _ _ __ _ _ _ __ _ _ _ _ See Fqure 2

IL UJJ TN 084C er miltiwat power dissipation typical with lte transduce min-mted in place and operated with standard or
I wnomai suppy v.'lage

SITY t IC over 90days t_ ±251Cover 00days

-oom The +10 volt reference supplyi is availaat for
1119W use by auxiliary module not drawmg more
VVLU thsn 15 maSell eatng errorwillbe mnaed

by supply load

"ole 1 Them ifelmum roncurredele h ba Isih ln V0i1se%;epr M elWinir drctrsmci.spdhd h trt flnuetlewln*75vls u ndti
nabe ouhed For curantk outpu models fte 01Is between 4 mne and 20 me.

Note I The outiputi~d d t f rom fth 6pacite lineeit$ it le of tees the + 76 vot due ioce drop in a""plfa openlowgl u the enipiie awraches negative satrston
NOtW 4 The freneducer should be opivsied with themnu supply "uoltee w wett n ~ uvtcipaied,* colae ltuaione fo ininoi OWN heaing erro
Note S Tee Conelentl The tim rewuired for It 4% response 11oa atN Ow"g Irom WC teean oi batN 0. eg0 Dow Corning 16 CTSC el WeC end Nowng at 3WPS tianever to the

siwmng turisc Is tse then the figure ien The ineervice response w*l depend upon how Il is mounted and the eniunt M ~hc 0 is sed
MOleG Power consumption dsperift upon the supply v~llegewdum cled endl ouWu Wne re"n
MOle? V outmeaittor 16 volt nit with sensie> 26 m/C a 3 volt b-4
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2 4 INCHES 3.00 ned - - VOC
#I to (76.1) 6 lc* awfo W +VOLTS .IOOIA THAIJ

r.-EFOXY CAME whl -sbw O, * 1.9

3 N024 TEFLON INSULATZD OL161 .J? I

itA CIA,47

= ~MODEL 1044 .13'AsM~I 7

___ ~~OI I ,1111

(.31 43 10 (NOTE 11

SENSITIVE Lt OTH+ LINE +NGVI

TYP ALL PAOSbCMO-.

~~ 10 ~~~-LINE- 0 IIITHU_*U IO T

HI MOOS. ism1 (7,S) T IIOUPU

3615I i .411 CIA
UN! -to0,N)

' " - " 0 SEAL A -AARW
HemII~u R..ptbo. lu 7 A - * VOC [OEL 4
PTI)-4P RIA"6 11111 ith O0011W &UP- a - Common, God

pledplg y~USI SF48c - Sional outl4

P"0 to al.t

To order. specify the model number, required sensitivity using the Celsius scoale of temperatures, full scale temperature in degreee
Celsius together with sign, full scale output signal, and supply voltage.

1063A 60W P100 -5 (15V) 420 S320 P40 .20 (24V)
Suply oltge Example. +15 VOC L. Nominal supply voltage Example-

Fuscl output signal volts, Exam- +24 VOC
pie: +5 voC Full scale output current. Example:
Dash 20 milliamperes

Full scale temperature with sign, Pfor Dash
positive. Exampie. +1006C Full scale temperature with sign, Pfor
Sensitivity in millivolts per degree. positive. Example: +401C
Example: 50 my1IC Sensitivity in microamperes per de-
Model designation. Ex: Model 153 gree Celius. Ex: 320 ua/6C

Model designation Ex. Model 420

1501(11 11OB11
4 I I

*Ot-20041 *-3084 0 020 Su40066U?0W10 00
111111f91AT41111 *V

H& Figure 1 Electric thermometer using a Model 10f)3A transducer Figure 2 Process interface circuit
together with graph of the output sienal. for use with Model 420

RELOG PRODUO TA, INC.,
5594 EAST JEFFERSON 9 DENVER, COLORADO 80237 *PHONE (303) 756-1143 JULY 1977
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r
~BULLETIN 100-1

A INSTALLATON NSTRUCTON
EX-TROL® EXPANSION TANKS

1o nMON W O0 NO WEST WAflUICIK I.L ARCH 1974

This product represents the most recent development in providing for the
expansion of water in a hydronic heating system.
The unique proven design of this tank, incorporating a flexible diaphragm
that keeps the system water from contacting the (standard 12-lb.) tank
charge, lets this consilerably smaller size give more positive, permanent
system protection. f

IT WORKS I1of

Heated water expands, and in a closed hot water heating system, provision
must be made for this expansion. The flexible diaphragm in the EX-TROL®
provides for water expansion without permitting absorption of the air
cushion by the water.

TO INST41L

EX.TROL ® may be installed intoa tee orany other suitable tapping anywhere
on a hot water heating system. It may be placed in a vertical or horizontal No 15 EX-TROL ®
position. It may also be remotely located and piped to convenient point on
the system.

An ideal EX-TROL® installation is to screw it into the bottom of an American Air Purger located on the main. This
combination offers both a mounting tapping and continuous automatic air removal from the system.

After Installing EX-TROL S on the system:

1 Fill system.
2 Vent air from system (flr rurging methods, refer to AMTROL data shoet . Purger:)
3. Bring system up to shut-off temperature.

4. If a smaller EX-TROL 0 is being used instead of that for which the system is sized, system water must bedrawn
from the boiler to maintain the proper system pressure. Generally a smaller than normal tank will cause a
higher system pressure than is desirable.

Note: Never let air from EX-TROLO tank Air charge should always equal setting of reducing valve (12-lb.
standard).

FLOAT FLOW
VENT CHECK

FLOAT | /
VENT AIRPURGER.. SYSTEM

,1 SUJPPLY

SYSTEM ..- : -. 3
RETURN j[j i ? EXTROL* INSTALLED

- . .,IN WOTTOM OF AIR
PURGER

EXTROi.0 INSTALLED
HORIZONTALLY IN I EE -

EXTROLOINST,LLED
VERTICALLY 'N TEE

CGyr510 1761 AMTRIOL Inc

FG~~~ 3h 07



SYSTEM VENTING AND PURGING

After initial venting and purging of air from the system, more air will be released from the water as it is heated.Therefore, it is recommended that an American Air Purger and #700 Float Vent be installed on the main.

If the system has multiple loops or zones, the supply water for all loops and zc- es
must pass through the Air Purger for complete and continuous air removal. Ir ase
the piping arrangements does not permit the installation of a single Air Purger on the
main, Air Purgers and #700 Float Vents snould be installed on each loop or zone. In
this event, only one EX-TROL ® is required for the system.

Even with American Air Purger and Float Vent installed on the main or mains, it is
recommended the American #700 Float Vent be installed on each return at the elbow

I -1m that drops to the circulator.
While seldom required, it is also recommended that manual (key or coin type) air
vents be installed at high points on the radiation.

No 1500 EX-TROL ® Pkg.

SERVICE HINTS

I If system is shut down for long periods, or emptied for any reason, it may be ncmessary to repeat steps 2, 3 and

4 under INSTALLATION.

2. If the system pressure is too high:

a.) Check gauge calibration to make certain that the indicator needle has not slipped.

b) Check to see if EX-TROLI® hds lost its air char je.

Note: To get an accurate reading with any tire ,juge when checking EX-TROL ® air pressure, either:

1.) disconnect the EX-TROL® from the system or,
2.) draw off system water until botler pressure reads zero.

c , Check ior faulty fill valve operation. First, close manual shut-off before the fill valve; then, draw system
pressure down to 12 PSI (or other pre-set pressure) and observe system for pressure build-up several
hours later

d.) Check for service water entering system from any other source of leak, such as tankless heater. Use same
procedure as above after shutting off possible water source.

3. I pressure relief valve drips water,

a.) first, check system press-ire. If too high, follow steps 2. b.), c.) and d.) above.

b ) If pressure relief valve continues to drip water, even at reduced pressure, flush relief valve by quickly
ra.jing lever several times If drip continue-, it may be necessary to replace relief valve.

c) If multiple EX-TROLS® are installed in the system, check pressure of each lo possible air leaks Besurered
plastic air valve caps are on tight.

MECA AMTROL'xC (
1400 OIVtSoi tOAO * WEST WARIWOt. . I "0S
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SOLAR HOUSE

HOMEOWNER'S MANUAL

(See Appendix E of this Report)
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INSTRUMENTATION AND CONTROL

SYSTEM
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INSTRUMENTATION AND CONTROL SYSTEM

The micro-computer used in the Solar Controller is a Zilog Z-80.

Random Access Memory (RAM) is provided by a National INS 8154 RAM-I/O

chip. This chp provides 128 bytes of memory and 16 IO lines for con-

trolling the home's heating system. Program storage is provided by a

2708 EPROM which has 1024 bytes of memory. The 16 I/O lines of the INS

8154 pyovide two ports - one for signal input apd one for output. Port

B uses eight I/O lines for output only. Port A uses the remaining eight

lines as a bi-directional I/O bus. The output data to control the house

operation is placed at Port A. Then one line of Port B, PB4, is pulsed

high-low-high to latch the data into the 74LS374. (Refer to Figures 5-1

and 5-2.) Sensor information is input to Port A when the correct address

for the channel desired is given to the H1818, AMUX; PBS is brought low

to start convrsion from analog to digital, ADC, and enable the 81LS95

to latch the data to Port A. Prior to this, Port A has been reconditioned

as an input port. After a time delay for conversion of data, the informa-

tion is read into Port A and stored in memory, The system is totally

memory mapped, that is, all devices including I/O are treated as memory.

An ambiguous addressing scheme is used to select the desired peripheral

device. The addressing is as follows:

0300H - O3FFH PROM

OCOOH - OC7FH RAM

0800H - 087FH I/O

The flow diagrams for the computer software are contained in

Figures 5-3, 5-4, and 5-5, The task scheduler initializes all control

parameters and calls all subroutines needed for control of the heating

system, These subroutines are called approximately every second which

b-4r
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corresponds to the Activity-Light Emitting Diode (LED) blinking on and

off- on the controller display panel.

The control program uses five'temperature sensors to control the

system. Thqy are labeled as follows in the program.

TO = Ground Array Collector Surface Temperature

TI = Ground Array Collector Fluid Exit Temperature

T2 = Storage Tank Water Temperature

TS = Actual Living Room Temperature

T6 = Requested Living Area Temperature (Thermostat
Setting on the Controller)

The program is listed as Figure 5-6.

(

91



TASKSCEUR

Initialize all Control and Delay Words
Set Stack Pointer
Shut off all Pumps and Equipment

S(Reads all Sensor Valves)

' ll" (Controls Ground and
Cl ~Roof Collector Arrays)

Call UT1ATCOIL J(Heats House)

Delay I Second

Call BLINK (Blinks Activity LED)

FIGURE 5-3. TASK SCHEDULER FLOW CHART

b- SI



GNDARRAY

ii

puVon continue t ig No
delay Nocount downuptiming up]

Ysave
countunt

TO - Collector Plate
TO> tu  p Temperature

1Tl a Collector Fluid
Temperature

T2 - Storage Tank
\ Temperature

Noare pumps '

onn
Yes

FIGURE 5-4. GROUND ARRAY CONTROL FLOW CHARf

1-s



is )San on no Coun t inn 0

111)0D el16,y down p ?

______on save yes

save
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no o0

nno
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1.0 Ilistorv and Introduction

fThe solar sys.tem installed in your home was constructed in 1975 as

part of an official Air Force research project, Jt is the first Air

Force home to be equipped with a solar system. The project's goal was

to investigate the feasibility of using solar energy to provide a signifi-

cant portion of the space heating energy requirements for a typical MFH

unit. The research project was terminated in 1979. It was demonstrated

that the solar system would provide approximately 60 percent of the heat-

ing requirements during a typical winter season. Stated simply, your

home will consume 60 percent less natural gas than other identical homes

at the Academy. Although we feel that the solar energy system will be

relatively trouble free, you can help to iasure that it does function

properly. In a very real sense, therefore, you have a unique opportunity

to contribute to the Air Force's and the nation's energy goals.

This manual explains in lay terms the operation of the solar system

that heats your house. The solar collector panels are divided between

the roof array and the ground array in the back yard. All pumps and

associated control equipment are located in an equipment room on the

northwest end of the basement. (For those who don't possess a good

sense of direction, it's located to the left at the bottom of the basement

stairs.) You are not expected to become an expert on solar heating sys-

tems, but as the occupant you should be aware of the topics discussed in

this manual.

2.0 Do's and Don'ts

There is only one "DON'T" associated with the solar home.

DO NOT SET THE CONVENTIONAL WALL-MOUNTED THERMOSTAT
IN THE LIVING ROOM AT A HIGHER TEMPERATURE SETTING
THAN THE SOLAR CONTROLLER THERMOSTAT IN THE BASEMENT.
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SEE SECTION 4.0 OF"IlhIS MANUAL FOR FURRIER
INFORMATION REGARDING TiIS RULE.

3.0 General'Overview of House Operation

The fundamental operation of the solar system involves collection of

the sun's energy as heat. During sunny periods (even during cold weather)

a water/antifreeze'mixture is circulated by pumps through the solar collec-

tor panels. This collector fluid will become very hot. The two pumps

used to circulate the fluid through the ground and roof arrays are labeled

clearly in the basement. The hot collector fluid from both arrays then

passes through submerged heat exchangers in an underground, concrete

storage tank which is filled with water (no antifreeze is in the storage

tank water). This underground tank is near the northwest corner of the

house.

Within the tank, the heat is transferred from the collector fluid

to the storage water by the submerged heat exchangers. When the house

requires heat the hot storage tank water is pumped (by a separate pump)

into the house and thorugh a water-to-air exchanger near the gas furnace.

Air is then blown across this heat exchanger by the furnace fan. The

air, heated in this manner, is distributed into the house by the normal

furnace duct system. If the temperature of the solar heated water in

the storage tank is not high enough to heat the home, the gas furnace

will come on as a backup. (No solar system, including the one installed

in your home, is designed to supply 100 percent of the energy required to

heat a house.)

4.0 Solar Controller Operation

The single most important item in the solar heating system is the

black box located on the wall of the equipment room. (Figure 1.) This
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box contains a "mini-computer" which controls the entire heating system

(i.e., the solareqPment and! t6 auixi~ifry gas furnaicc). Figure 1
shows the display panel of the solar controller.

SOLAR CONTROLLER

0 Gas

0 Tank Pump

0 Ground Array Pump

0 Roof Array Pump

0 Fan

0 Activity*

70
II

7 06 65. 1 007 5

S0- -_80

*If activity light not

on call BCE servicecab 1 k. .

Figure 1. The "Mini-Computer" Solar Controller

If the solar controller malfunctions, the house will probably not

be heated b) solar energy. The only real operation you can do with the

controller is to adjust the thermostat. Base Civil Engineering has

requested that all thermostats be set at 68°F and this also applies to

the Solar Controller. If you notice that you have to turn this thermostat

up to an unusually high setting to remain comfortable, call Civil Engi-

neering and have them check it. You will notice that there is also a

normal, hall-mounted thermostat upstairs in the living area. This
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I
thermostat controls only the back-up gas furnace. This thermostat should

always be set lower than the Solar Controller thermostat, preferably at

around 55-600 F. If the Solar Controller malfunctions, however, the

upstairs thermostat can then be set to the desired temperature and the

house will be heated sol2V by the gas furnace just like a normal hone.

If you are heating the home in this mode, Civil Engineering should be

notified. The only other aspect of the Solar Controller you should be

concerned with is the display lights.

The display lights on the Solar Controller are fairly self-explanatory,

but the following comments should be helpful in understanding them further.

The ACTIVITY light should blink all the time, night and day. If this is

not the case, call the Civil Engineering Service Desk.

If the GAS light is on, this indicates that the controller is direct-

ing that the home be heated by the gas furnace. Neturally, if this light

is on then the gas furnace should be on also. If the furnace either isn't

on or is on during a period when it shouldn't be (e.g., when the home

doesn't require heat) then the system has malfunctioned and Civil Engi-

neering should be notified.

The TANK PUMP light comes on when the controller is directing that

the home be heated by the solar heated water in the storage tank. The

storage tank pump should be running if this light is on. If the pump is

not running when the light is on, or conversely, runs when the light is

not on, then a malfunction has occurred. Also, if this pump runs when

the home does not require tiat, it is malfunctioning. In any case, Civil

Engineering should be notified.

The FAN light should come on and go off 40 seconds after the TANK

PUMP light comes on or goes off. It simply indicates that the computer
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is controlling the furnace fan. (You will remember that the furnace fan

must be on in order to transfer the heat from the hot storage tank water

in the furnace heat exchanger to the air which heats your home.) Should

this malfunction, either the fan will not come on or it will stay on. In

either case, call Civil Engineering. Note that the Solar Controller does

not turn the fan on in conjunction with the gas furnace but only with the

tank pump.

The GROUND ARRAY and ROOF ARRAY lights come on simultaneously when

the computer has instructed the ground and roof array collector pumps to

start. This should occur only during sunny periods. The lights and

respective pumps should go off in the late afternoon or during cloudy

periods. If you notice any unusual occurrence, like the pumps on and

the associated lights not on, or vice versa, the lights on and the pumps

not on, a malfunction has occurred. Under no circumstances should these

lights or the ground and roof array pumps be on at night. Civil Engineer-

ing should be notified if these malfuncticns occur.

This concludes most aspects of the Solar Controller operation, but

if something suspicious happens, you know what to do -- call Civil

Engineering!

5.0 Solar Controller Summary

Please refer to the attached diagrams for a concise visual descrip-

tion of the various operational modes which the system can display during

normal operation. Other operational modes are possible, but those shown

are most typical and should aid your understanding of the system.

E-7



Display Light On

0 Display Light Off

MODE 1

SOLAR CONTROLLER

0 Gas

0 Tank Pump

o Ground Array

0 Roof Array

0 Fan

O. Activity'%{Blinking)

Systems are shut down;
sun is not shining therefore
collector arrays are not
operating; house does not
require heat, therefore
storage tank pump or gas
furnace is not operating.
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* Display Light On

0 Display Light Off

MODE 2 MODE 4
SOLAR CONTROLLER SOLAR CONTROLLER

O Gas 0 Gas

o Tank Pump * Tank Pump

* Ground Array * Ground Array

* Roof Array *. Roof Array

0 Fan Fan

Activity 0Activity
L Blinking) " (Blinking)

Both collector array Mode 2 and Mode 3
pumps on. Sun is comments apply.
shining and solar
energy is being
collected and trans-
ferred to storage
tank water.

MODE 3 MODE 5

SOLAR CONTROLLER SOLAR CONTROLLER

o Gas * Gas

* Tank Pump 0 Tank Pump

o Ground Array 0 Ground Array

0 Roof Array 0 Roof Array

* Fan 0 Fan

Activity CActivity
[C(Blinking) "(Blinking)

L .

Storage tank pump and fan Mode 2 comments apply. The
are on. Hot storage tank home is being heated by the
water is being pumped through gas furnace since the temper-
the furnace heat exchanger; ature of the storage tank
therefore the home is being water is not high enough to
heated by solar energy. Sun provide the necessary energy.
is not shining, however, and
collectors are not operating.
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Display Light On
*Display Light Off

MODE 6

SOLAR COLLECTOR

* Gas

0 Tank Pump

0 Ground Array

0 Roof Array

0 Fan

(o Activity
'-Blinking)II

House requires heat which is
being provided by the gas
furnace. The temperature of
the solar heated storage tank
water is not high enough to
provide the necessary energy.
Sun is not shining, therefore,
collector arrays are not
operating.

IE
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6.0 Base Civil Engineering Periodic Maintenance

C)i Civil Engineering maintenance personnel will perform preventive

maintenance on the solar system from time to time. These checks are

primarily to determine the degree of freeze protection in the collector

fluid; visits will normally be made in August and January. Civil Engi-

neering will, of course, contact you prior to scheduling these checks.

7.0 Collector Fluid Leak/Glass Breakage

If you should happen to notice a fluid leak or a broken glass cover

in either collector array, Civil Engineering should be notified. A leak

in the roof array collectors would probably be evidenced by appearance

of green fluid in the gutter downspouts.
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